















EXPLANATORY IN FORM ATION 


The Sinclair Scientific Programmable orofiram library is intended to cover a wide field of scientific a;i- 
eneineerinc disciplines. H is compiled in the form of separate cards to which additions will become available 


w " ■ •:« 

« .1 < *-r **• 


iii due course v.Mending both lhe ranee of subjects and the scope of suhiccis atreiidv coveted, 

5 allows the user to arrange the cards in the order most useful to him, and to write ms own program* 
on smuiar cards to be kepi together in the wallet under the appropriate headings. 


Tk„ 


programs are not intended as a comprehensive list of formulae for a particular subject, but do attempt 
m cover a number of formulae that have reasonably general application. Formulae that give rise to rather 
trivial programs are included where the formula is felt to be of basic importance to the subject 

In many cases where a program is required to solve a particular problem, a standard program may be found 
in the library which can be adapted ro suit Library programs arc made as general as possible, and it may 
often be useful \o enter orie. or move of ths ‘bumbles ’ as n constat* in the program, lo suit a 
partten]ar appi(cation. 

The programs are arranged as far as possible in a standard format as follows 


U.i 

Oi) 

(hi) 


(tv) 


The formula to which, the program relates. 

Diagram or explanation of symbols where essentia!. 

The program- written as a series of key strokes for direct entry into the machine. The number 
wntien after the program represents the number of program stops, and is the number that should 
be displayed in the exponent slot immediately prior to depressing C/CE—this acts as a check for 
correct program entry. 

The keyboard entries necessary to execute the program. 


Mask knowledge of the subject is assumed and explanation kept to a minimum. 

ENTRY OF CONSTANTS INTO A PROGRAM 

Since no decimal points or exponents can be entered into u program, non-integer constants must be formed 
h\ dividing by the appropriate power of 10. For example if it is required to multiply by I.S3, the program 
stems would be 


!‘!!|5|3!»!xj‘j!]OjOj*i- 

Where a very large or very small number is required it may be more convenient to use the antilog function 
to form the power of 10, For example 1,67 * 10“ 13 can be entered as follows 

}■ j I jSpicnicrl -jantilog| , |i[6|7]’| x j 


When not used to store a program, the programming register can be used as an additional memory, the 
number being entered as if h were a program, and recalled as required by using the execute key. Several 
numbers may be stored at once separated by '"variable’^ provided that they are always required in sequence- 


1 



GENERAL CONSTANTS AND CON VERSIONS FOR USE IN PROGRAMS 

in some circumstances the use of a full five digit constant or conversion factor in a program uses too much 
program space to enable the rest of the program to be fitted on. This is particularly so because decimal 
points and exponents cannot be entered into programs. 

In many instances a shorter approximation can be used that will be acceptable in accuracy. Remember 
that a slide rule will not give much better than .05%, and four figure log tables never better than .01 


n; x can he generated by 355 -F 113 

this gives 3.14J 6 which is correct, within the accuracy of the machine, 
in some circumstances it may be helpful to use shorter approximations. 

4 x farctan 0 .= 3.1408 error .02% (~ve) 

32-]-7 “ 3.3428 error .04%, t + ve) 

c e can be generated by 878 ~ 323 

this gives 2.71 S3 which is correct within the accuracy of the machine- 


Inl.0 The logarithm to the base e of 10 can be generated by 175 -j- 76 

this gives 2.3026 which is correct within the accuracy of the machine. 

In some circumstances it may be helpful to use a shorter approximation. 

2.3 will give an error of approximately 0.1 % (- ve) 

N.B. lnx ~ logx x In 10 



- log 3.6788 - 0,5657 

this can be generated by 99 - 175 



= 0.43430 

this can be generated by 119 274 

N,B. e* ~ antilog (x x log e) ~ 



When shorter approximations to the above constants are used in the calculation of exponential powers, the 
final error is dependent on the value of x. 


error in result 

1 — — .i^m ni . - —• — 1 - ■ ■■ — r 

result 



where E = error in constant 

constant 


1 rad 


- 57.296 degrees 

this can be generated by 1547 4* 27 




ADDITIONAL FUNCTIONS 


A resin x 


:v \ 

a ret an I ——- I 

\v 1 -.x fc 


Program: 8/E |enter|x 


i 


Execution: 


.Y CXCC: 


*i-r |arctanjvarj [11] C’/CE 


Arccos a 


. 

1 

V i - 

- X 


a retail |- 

V * 


Program: B/E jenterj x j~j*jl [ # j — j v -x|arctanjvarj [10] C/CF 


lan * 


sm a' 

• r i i ■ ■ ■ ■ 

COS X 


I 


V COS - A 


Program: B/E jsto 
Execution: Lv exec; 


enter 


cos 


.v-yn 




r 


clj jvtirj [8J.C/CE 


o: 


Program: B/E ienterjeosj x |-=-!*!I[*j-| N x[var| (10] C/C L 


Execution: a exec 


e* 


Sinh x 

and Cosh a 

: smh a = ~ 

Program: 

B/E jenterj 1 


i - riwi 

Execution 

: sinh a 

Lv excc 

• 

• 

j — — exec 


cosh A' 

l.v cxec 

i 

• 

-f execj 

In x 


— log : 

V X In 10 

Program: 

^ • 

R/E |logj«| 

|1|7|5H 

x !W*|'> 

Execution: 

: l.v exed 




cosh A 


e x + e~ x 


”!antilogjStojenterj-^jrc]jvar] < j2] > |-^jvarj [24] C/CE 




=”-• antilog (.v x log e) 

Program: B/E [enter^M j i j9|*| x j < j2|7|4j , |~Jantilogjvarj [15] C/CE 
Execution: j.v exec 1 


y* (a* and >• of similar magnitude) r 4 

Program: B/E jstoj-f jrdj* -(Jogjrdj x Jantilogjvar] [9] C/CE 
Execution: j(j' enter)jv exec[ 
v x 0’ 4 ve) 

Program; B/E jlogjvarjx jantilog[var| [5} C/CE 
Execution: jj’ exec j.v exec: 



Program: B/E jslojenterj^lSiSj^emerj* j}ji j3j , |4jx — mjndjvarj [H] CjCE 


Execution: lexec! 


Accumulating Memory (M 4) 
Program: B/E fenterj,v — //?Jrclf 4 
Execution: |exec| 




mlenterlvarj [7] C/CE 


Live % Aey 
Program: B/£ ) 

Execution: j/f exeej# cxec|(displays B% of ^)|cxecj(dispfays A 4 {£% of ,4)) 

! — execj(displays A—(B % of /0) 


enterjsto|enter|var[ x j*[l JOjOj^J 'jvarjrclj 4 JvarJ [15] C/CE 


Degrees to Radians 

Program: B/E| enter] 1 5j 4j 7 


Execution: I Decrees exec 



X 


vai 


[14] C/CE 



EQUATION SOLVING 


Solutions to the equation/ (a) -- 0 may be found using a programmable calculator by the use. of iterative 

x 0 yields a 

more accurate approximation x yi then repeated use of this procedure will yield increasingly accurate approxi¬ 
mations and this is called an iterative technique. Many methods exist and some are illustrated beiov* 
Unfortunately there is no simple universal method because those which yield increasingly accurate resuits 
(converging) with one formula may produce increasingly inaccurate results (diverging) with another. Also, 
an iterative technique can produce convergent or divergent results depending on the starting value chosen. 

The method known as Newton-Kaphson is very generally applicable but it involves differentiation of the 
function and the storage of both the function and its differential in the calculator which greatly limits the 
length of function that can be handled. Other methods given here are often slower to converge but simpler 
to use. The rate of convergence is, fortunately, less important than it might be because of the very high 
speed of this calculator. 


methods. If a procedure can be found which, when applied to an approximate value of at say 


Newton-Raphson 

This method uses the fact that increasingly more accurate solutions to an equation /(a ) 

Ax*) 


0 are generated 


by the formula y, . L — * 


n 




- where f is the first differential of f 


Thus by loading the calculator with a program to solve the above formula, successively more accurate 
approximations may be generated by entering an initial guess, and then repeatedly executing the program. 

Example:- 


Tosolve/(.v) = a 3 4- x 4- 1 — 0 

/' ,(.v) - 3.v 2 + I 


x 


» I-1 


3 fl 


X 


f x„ 4 I _ 2x 3 4 I 


3a_ 7 4 1 


3aY + 1 


Program: B/C [sto[enter| x [rclj x |*[2t*j x - j.v-w|enter[ x x !*[^ S*l var [ 1.24] C7CE 


Execution: Ijexecj 4 rcl 4 - -f 


exec 


4- rcl 4- 4 


Result —- 0.68231 or.0.68236 
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A particularly simple alternative method is as follows 

U only requires the writing of a program to evaluate/(.v) and perform a simple operation on it as follow's 
■V, i ^ </(*„) -v k) -r r r 

It requires the evaluation of f{x) for two arbitrary values of a, .r 0 and _y, such ihat/(.v 0 ) — y 0 and/fYj) 


Form 



lixamole:- 


K — integer part of A if \A |$: 1 
K - the reciprocal of the integer part of 1 I A if jdjcl 


TO SOlvC/( a) = A' 3 4* X T 1 0 

choose v 0 — 0, -Vj — - 1 y 0 = l.y , — - 1. 

A ^ - 2 A' — - 2 

*■»+!— (/(**) * (-2)) + 


Program li/E jsto|enterj x \*\] |*j +- frcl| x \ & \\ | f j y |*|2| , |4-| — Jrcl| -f- |varj [21J C/CE 


Execution: 


— \ l.esec [ 
|execl 


NOTE 


If program diverges, increase [ATj 
If program converges too slowly, decrease I K 



GENERAL ARITHMETIC FORMULAE 


FACTORIALS («!) 

Program: (i) B/E (a' — w[ enteral \*{+ [a —m(rd[ x [var( [10] C/CE 

displays n L stores >r 

Program: (u) B/E Jcntcr[*|l[*| + |.v— mjrclj x [x —m var] [ID] C/Cl. 

displays n , stores 

Execution: ji $to excc|cxec|execj 

POLYNOMIAL EVALUATION 

a 0 4 - OiX V ff 2 >r -E * . * . 4- fl**" can be written 
( - - • (((-v + a n ) a* -h n n ^j) a- -h n„- 2 ) a . . . ) a 4 t; 0 

Program: B/E Ircli+jvarLh var I [5] C/CE 

Execution: \x sto enter \jexecexecj 

]execj exec | 

V & 

• • 

jexecj exec ] 


ROOTS OF A QUADRATIC EQUATION 


ax" -f hx + c ~ O 


form /> 




Program: B/E jenter| # |2|*j-i-[sto|enterj x jvarj^’xjA—wj — jvarjrclj-r {var| [16j C/CF 

Execution: ]/> execj? —j If display }z 0 go to (0 if < 0 go to (if) 

(i) [exec exec} displays one real root 

Ircl »rd —| displays other real root 

(/7) | -exec displays real part of both roots 


J.v — /??j displays imaginary part of one root 

— | displays imaginary part of other root 

cxcc| completes program ready for re—use 

r 


■ 
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Program: B/E [slojenterj^jlj*) — \x— /w|enterj 4 |J[ , j +jrcl[-^-jvar] [15] CICE 
Execution: \x execj 


x + 1 

Program: B/E jstojcnterj x rti[ciitcrj < |l| , |+ |rc!j-f-jvar) ff 6] C/CE 

Execution: j,v execj 

a) v i + x 2 M \fi-x z 

Program: Program: 

B/E (enterj x |*i11*| + [ v xjvarj [8] C/CE B/E (enter| x fjlj'j- [- [y'xjvarj [9] C/CE 

Execution: jx execj 

1 

Program: B/E jentef) x |* 1 4- -;-|varj [8] C/CE 

Execution: x execj 

x v 

-V +- ^ 

Program: B/E jenterj-t- jsto(enterjvar[enter|-i-jrcl| + [ ~|varj [U] C/CE 
Execution: Lv execjj* execj 


x + v 

■i 

x — V 

Program: B/E JcnterjvarJstoj-j,v—w(enter| < |2| , [x |rcl[ : i*|l[ 9 l-E|varj [17] C/CE 
Execution: a exec|>- exec} 




GENERAL ARITHMETIC FORMULAE 


SERIES 


* 

£ jt 

] 


! N (N + 1) 


Program: B/E |sto 
Execution: J/V exec 


enter 


l|’| + M x f]2 


var 


[13] C/CE 


I n 2 = iN(IV + 1) (2JV -h !) 

i. 

Program: jenter] 4 j2j , j x Jrdj x j.v —wjenicrj 4 

Execution: |/V sto exccj 



E /7 3 - i N 2 (N + 1) ; 

i 


Program: 
Execution: 


B/E jstojenterj*jlj*|-|-|rc!jx 

\N execj 


var [14] C/CE 



Program: 
Execution: 



jx —mjentcrU-f^ \*\ \ 



/«Jrcl| -f-jvar] [ 12 ] 


C/C E 



1 


'<* M < > 


Program: B/E jenter| 4 |lj*j — 
Execution: \q exec| 



var) [9] C/CE 


•• varj [24] C./CE 
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•• 


11-3) V 


Program: B/E lenterfjlfl-f j 4-jvarj [7] C/CE 
Execution; cxccj 


cc 

1 


for |,| < I 


Program: B/E |sto|enterj*jl|*j 
Execution; \q exec| 


i»]rd] jvarj [U] C/CE 


Sum of N terms in an arithmetic series 


/ IN- i) \ 

N { a 4- —- d J where a 


= first term, d — common difference 


Program’. B/E jstGjentcrJ*Ji|*J — jvarj x j € |2pj“r Jvar|-ir jrclj x jvarj [17] C/CF. 
Execution: |A ; exccjd execj o exec! 


Sum of /V terms in a geometric series 

(1 ,, 

— a ——* where tf *= first term. /’ — common ratio 

(l - r) 


Program: B/E Jstojcnter^jJ j^j — f.v— wfk>g|varj x jantiiogJ 4 |l j*j — j roll 4 -jvarj x fvar] [20} C/CE 
Execution: Jr execj N cxccja execj 


Arithmetic -Geometric Series 




a 4- [a f-d)r -f (a A 2d)r 4- . - * 4 {a 4- nd )t 


j.r 


Sum 




\r<\) 


Program: B/E J.Stojenter^j I | f j — 
Execution : fr exeejd exccjr/ execj 


l.xw?7|em<r(var( x [rcl|->[varj f jrcl|4-(var| (18| C/CE 
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GF; YE RA L A R ITHMETIC FO R M U LA E 


DECIMAL -BINARY CONVERSION 
(i) Decimal to Binary integer 
Program: B/E {enter1 ivarl \6) C Cl: 


• / • / 


• • • ^ 
Execution: i.y execlexectexec 


At each stage write j if non integer part of display increases, write 0 


it non integer pan stays constant or decreases, continue until integer passes zero. 
Produces Binary digits from most significant to least significant. 

(ii) Binary to I>ccimai integer 

Program : B/E ]-j-|‘|2j , | x Jvar| [61 C/CE 

Execution: l<? exedfr cxcc],.. ,\ti— 1 excels + \ 


Euler Binary digits in order from least significant to most significant. 

(iii) Decimal to Binary fraction 

Program: B/E jemerj*j2j*] x jvarj [6] C/CF 


Execution: _v exec 


exec 




Write down f if integer part of display is odd 

0 if integer part of display is even or zero. 

Produces Binary digits in order form most significant to feast significant. 


Civ) Binary to Decimal fraction 
Program: B/E | + | € |2]*j-i-|var| [6] C/Cf 
Execution: \a exec [6 exec|.„ 


: |n exec| 


Enter Binary digits in order from least significant to most significant. 



COMPLEX NUMBERS 


Z — -7 -f- ID 

Magnitude = jzj = >/<?“+“&* 

Program: B/E jenterj x jstoj[ 4 - jvarjenlerj x jrclj + ]>/x[ v arj [H] C/CE 
Execution: j a execj£ exccj 


0 (• - Arg c) — a rctan Wa 

Program: B/E jenter]sto|-f jvar [enter jrclj-: jarctanjvarj [9] C/CE 
Execution: jo exeejd exec| 

DETERMINANTS 

*ij 

j =a { b 2 —a 2 b x 

\<*z b 2 \ 

Program: B/E jcnrcr|varj x jstoj-f jvarjenterj var[ x | •—jrdj + Ivarj [13] C/CE 
Execution: ja, execj/> 2 execjr? 2 exec]^> 1 cxec 

LOG BASE CHANGE 


6 ° = 


log,. b 


—> in particular 



Program: B/E jenter[]og|sto[ +[varjenterjlogjrc)|-.-| 
Execution: j<7exec|/? execj 


varj [U] C/CE 
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GEOMETRY 


RIA1MGLES 



A REA = 

\ ah sin y 

<i) 

* - 

I be sin ot 

fti' 

• 


* <7C sin /? 

(iii) 


Program: B/E enter * 2\ 




Execution: 

(i) 


var x 


|a cxecj/? cxccjy cxecj 


(ii) 

(iii) 


)b exec \c execla exec 


c exec 


a execj/? exec 


/trea (alternative) — 


ah 


<1 


2 


stoj + |varjenterjsin|rcl[ x |var| [15] CjC E 


A 



(0 


b 


bh 


(ii) 


h 


altitude 


cIk 


(iii) 


Program: B/ 

E (enter* 

7\* - 

j | 

Execution: 



(>) fff 

execjfi,, 

exec 

(ii) 

execj/;^ 

exec 

✓ k * • s k 

On) | c 

• 

execj h v 

cxcc 


varj x 


var [8] C/CL 



LENGTH OF SIDE BISECTORS 


Sa 


\^2{y +c 2 ) 


a 


(i) 


Sb T-J'20 1 f a 1 ) - b 


Sc 


iy/2(a 2 +b 2 )-c 1 


Program: B/E jertterj x |stoj + jvarjentcr) x jrclj + jvarj x jstoj + j 

jvarjenterj x j — jrclj-l- j N /x|varj-;-|var[ [23] C/CE 

Execution: 


(i) 

(ii) 

(iii) 


b execlc excel 2 


exec | a 


exec 


2 exec 


r excel# exec 2 execl/> exec 2 exccj 

" ■ * 

a cxccj/i exec(2 exeeje exec|2 exec] 


(ii) 


/ i • • 

o«; 


length of side a — S ~ n ~ x / ? 

sin/f 




since 


h 




sin/? siny 


Program: B/E |sin|sto}enterjvar|entcr|sinj"--|rcl| x jvarj x |varj [12] C/CF 


Execution: ja exec)/? cxec[£ exec 


PARALLELOGRAMS 
AREA - g/? 

Program: B/E jenterjvarj x jvarj [4] C/CL 

Execution: j g exeej/i execj 



RECTANGLES 


LENGTH OF DIAGONAL = x / a 2 + b 


Program: B/E jenter x sto 


+ jvarjenterj x Jrcl 


v 


/X 


var [11] C/CE 


Execution: cxec|6 exec 


GEOMETERY 


CIRCLES 


*■ - 


niuius 


CIRCUMFERENCE =- 2m 


Program: B/E (enter *|7|l |0j , | x f3f , [^|var) [14] C/CE 


Execution: lr exec 


AREA - TTr" 


Program: B/E I enter 


x 


j 


5 


x 


])l|3| t j jvar) [IS] C/CE 


Execution: lr exec| 


MtfEd OF SECTOR = 


r 




a (a radians) 


Program: B/E -enter 


*1 


var 


x var| [9] C/CE 


Execution: r excels exec 



,4RE/i OF SECTOR 


r 




-'(a degrees) 


Program: B/E [enter] x 


it]-* 

i i- 


:-|var| x j*|5|7|3j !l j-r (*|l|0[*| x jvarj [20] C/CE 


Execution: \r cxec 


a exec 


-I FFV1 OF S£GAf EAT -- 2^/2 /t^ -/r 


Program: B/E 
Execution: j /; 


enter jslo 


V 
* % 


varj x 


.v-/?z!ctitcr 


exec /• 


exec 


/" <!?;> 
v x 


i 
X 


X 


M+ 


varj [21] C/CE 


i 





CIRCULAR RING 
AREA - rJR*-r 2 ) 


Program: 8/E |enter| x jstoj + jvarjenter 


x 


rci| + |‘|3j5!5|*|x|‘|j)l|3!»|-4 jvar' [23] C/CE 


Execution: I/? cxccir exec 


RIGHT PARALLEL API PED CUBOID 
VOLUME = a be 


Program: B/E (enter|var| x jvarj x jvarj [6] C/CE 
Execution: j« exec!/? exeeje execj 



0 


SURFACE A REA ^ 2 (ab 4- ac -r be) 


Program: B/E [enterjstoj 4 


var! x i.v •/« 


i 

T 


var 


k 

I 


var 


M< 


jx jvarj [18] C/CE 


Execution: j/? exeeje exec 


c exec 


c/ exec 


DIAGONAL 


, 1 ■> ♦ 

{! = 4- 6- -f r 


v 


Procram: B/F lentcrl x Isto 


var 


enter x [rd 


-r sto 


j var [enter 


x i 


■cl) 4 


u ‘v X 


var [18] C/CE 


r vocation: j<v exec/? exec 


r execj 


8 A 




GEOMETRY 


RIGHT CIRCULAR CYLINDER 


VOLUME- zr'r. 


Program: B/F 


enter 


var 


x| < {3j5|5] , jxl < [17] C. j C 


* 

Execution: f r 


i/7 exec 


A REA OF CUR VED SURF A CE - 2 nrh 


Program: B/E 


enter 


varj x f*]7fi (0 


>1 


X 


i 11 [3 


Execution: \r exec]/? exec| 


varj [16] C/CE 


-■*/?/:.4 O/' jy/7CLL’ _V {/R FA C£ -= (/' f /?} 

Program: B/E [enterjstoj -] f^|7| 110| , | x j*| 111 |3j* 


x m 


-I- [varj + jrcl j x [varj [22] C/CE 


Execution: Jr execj/i exec] 


HOLLOW CYLINDER TUBE 



VOL U M E 
Program: 

Execution: 




A REA OF CUR VED SURFACE = 2nh (r L + r 2 ) 


Program: B/L (enter[varj + jvar 


X ! 


7|lj0| , j X [<|l|t)3|*| : (varj ]J8] C/CE 


Execution: \r i exec r 2 exccj h exec 


0 




R1C1 IT CIRCULAR CON E 


VOLUME- \Kt'h 
Program: B/E jcntcr 


x [varl x 




Execution: 


r exec 


n exec 


var! [17} C/CE 



* 

% 


\ 


AREA CURVED SURFACE - nr Jr 2 + h 2 


Krs 


(0 

(ii) 


Program: (i) B/E 


_ I 


enter 5 x 


sto)cntcr|var| x [rd[ + jrdj x j x /x|‘|3|5|5 


x 




-- var 


Execution: (j) Jr exec|/? enter exec 


1(24] C/CE 


Program: (ii) B/E jenterjvarj x | $ j3]5]5| , j x j* \ |l[3|^|-r-1var [16] C/CE 


Execution: (in j r excels exec! 


TOTAL SURFACE A REA = nr (s + r) 

Program: B/E jsto [enter) var j | [ rcl] x |*[3|5|5j*[ x |*| 111 |3j*| : [var| [19] C/CE 


Execution: 


r excc 


s cxec 


SPHERES 


VOLUME = 4;rr 3 


Program: B/E 


enter 


sto|rct|x [rclj x |*jl |4[2|0| , | x [ if |3|3[9[ , |fvarj {20] C/CE 


Execution: jr exec) 


DISTANCE BETWEEN (.v l7 c/j & (x 2 , y 2 ) *=J(x 7 -x x ) 2 4■ (jy-v ^ 2 


Program: B/E enter 


var 


x JstoJ + j var [enter 


var 


%■ i. 


x |relj-bj v xjvar| [15] C/CE 


Execution: \x 2 exccj.v, exeej y 2 exec’^ cxec 
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STATISTICS 


SUMMATIONS 


*i }< 


Program: B/E |enter}'varj x jrclj + |stojenterjvarj [8] C/CE 
Execution: l.v, excelv, excel 

* 1 i- 5 * 


! x•) exec 


V-. exec 


etc. 


Ux-yf 

Program: B/E (enterjvarj - j x |rcl| -f 


sto 


enter 


varj [9] C/CE 


Execution: .v, execexcc 


.V •> exec 


y 2 exec 


etc. 


> v/ 


Program: B/T [enter x |rci[ 4- [sto(enter varj [7] C/CE 


Execution: 


x y exccjA'o exec 


« * 


Product of Sums 

n(A f + y,) 


Program: B/E 


enter 


var 


4- jrcij x [sto enter varj [8] C/CE 


■ r 

Execution : 1 stof.v, execlv. exec 


!x\ exec r, exec 


etc. 


S’ 


A ; 


Program: B/E jenterjrclj-r stojcnterjvar f6) C/CE 
Execution: exeejx^ execj 




Program: 

Execution: 


B/E Jenter(-^ |rclj-j-|sto[enter|var| [7] C/CF 
x t exec|.v 2 exec; ... 


A-' 
V 




;V 


x (Sample mean) 


Program; B/E M 


x—ni 


enter]*! 11*1 H-Lv 


m 


enter Ivar! [ i 0] C/CE 


Execution: x. c\cc|x 2 execj ... jrcl ; \ 


,v 

V 


d j 


3 (Mean of differences) 


:V 


x — m 


Program: B/E | + ]var] — 


Execution: \.r ln exec[x 1& exec 

\x 2a exeejxs* cxe-c 


enter 


1 [*j -f ..y — wjenterjvarj [12] C 


etc. 


Jrc! 


A- 


Tx? 


i 


Program: B/E Jemerj x jrclj -f- jstojenler[var| |7J C/CE 
Execution; j.v, exec[.v 2 exec 



STATISTICS 


STANDARD DEVIATION (SAMPLE VARIANCES 


• i • i 


IYx t 2 -n(S'-> 




Program: B/H jslo! v 'x|\'arf x j x jvar 
Execution: \n exec|x execjLx * exec! 


I^v — mjenterj^f (— [ -i- frclf x f^/Jrjvarj [19] C/CE 


r STATISTIC 


- p 


! 0 ( 1 — 0 ) 

• • 

v~ 

Program: B/F jsto[cn.tcr|*|Ij*J- 


— rcl| x var —mjcjiterlvar^ - 


* i • 


Execulion; exec \n execf_x//i exec 


rcl}-r|var| [20] C/CE 


PROBABILITY THEORY 

P(l -/>) 

Program: B/E jstojenferj^11 — jrclj x |var[ [10] C/CE 

Execution: \p execj 


QUALITY CONTROL 

. / T^j 

P± / n-— 

V « 

Program: |$tojeuterl*[ l|*| — — jrcl x var j j a- — ;?> [ rcl | va r j [IS] C/CE 

Execution: Ip execj^excc 4- 

or Jp excels exec — - 
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STANDARD ERROR OF DIFFERENCE 



Program: B/E jenterjn- jsto|enter| var (enter]-y|rcl| + jvar| x 

Execution: \n t execJ n 2 execj/? exee]<jr exec] 


var 


x j v A'jvar! 


[151 C/C 




Program: B/E \ enter | — j \*ai| +1 X} var j %- j rd j +* j sto [ enter ] var j [\ 2] C/CE 
Execution: j O t execj E { exec | E ( execj 

etc. 


SIMPSON'S RULE 

A = i/3 h (yj + Ay 2 + > 

Program: B/E | enter j * | 4 j 9 1 X | var j + j var j +1 var} X) 
Execution: [ exec exec j y ± , exec j /z exec [ 


•3 




var| [16] C/CE 


SOLVING FOR REGRESSION LINE y = ax+h 

Solution of the simultaneous equations £y - a£x + nb is required. 

£xy = + bXx 

The values of Ey etc. are derived from earlier programs and the equation is solved using the 
determinant program, as follows : 







FINANCIAL 


ACCUMULATING MEMORY (M i ) 

Program: B/E [enterj.v — w|rc1[ + \x— m|enter|varj [7] C/CE 

Depressing execute button adds contents of display to memory f M + function* 


ACCUMULATING OR DECREMENTING MEMORY (M + , or M -) 
Program: B/E jenterjx — ^?jrc]|varj.v—/?;|enter[var|{7] C/CE 
jexecj + exec|gives M 4* function 
exec| — exec|gives M — function 

PERCENTAGES 


LIVE % KEY OPERATION 

Program: B/E [enter jsto [enter jvarj x *[ 1 j0|0| , [- : -Jvarjrclj -p (varj (15] 

Execution: |A exec|ff exec [(displays B% of ^)]exccutej(di$plays A -h (B% of A ))j 


or j — exec [(displays 4 


(B % of -4))| 


A//1AA t//> 

A 4 (B % of T) 

Program: B/E Jsio jertter j varj x j 1 !o|0l , [-E-H-[ varj (13} C/CE 

Execution: |/f execltfexecj 


£)/SCOtfAT 

d — (B% of T) 

Program: B/E jstojenter|var| x j*[ I [OlOj’j E jrclj — | — Jvarj [14] C/CE 

Execution: \A exec \S exec 
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COMPOUND INTEREST 

FINAL SUM FROM INITIAL SUM INVESTED FOR n YEARS AT INTEREST RATE a 



Program: 
Execution: 


B/E Isto 


enter 


varjenler * 1 \*\ + jlog[var x [antilogjrclj x jvar| [15] C/C 


1/ excels cxcci n exec* 


NUMBER OF YEARS REQUIRED TO ACHIEVE GIVEN RESULT 

»= +.1(7) 


Program: 
Execution: 




1 * ° 


a execlFexec I exec 


INTEREST RATE NEEDED TO ACHIEVE GIVEN RESULT 





Program: 


B/E jenterjvar 



Execution: jFe.xecj/execj/?excc 



INITIAL SUM NECESSARY TO ACHIEVE GIVEN RESULT 

F 

1 “ (!+«)" 


Program: 
Execution: 


B/E jsto 


enter 


varjenterj 4 | 1 


4- 


logjvarj x |antilog|-c[rcl[ x jvar| [16] C/CE 


f cxec 


a excel*? exec 
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FINANCIAL 


LOAN REPAYMENT 
ANNUAL REPAYMENT 





(I +a)" 


Program: 
Execution: 


B/E [stojenter [ 1 f* 4- [log var x jantiiog ~ 4 1 


a excc 


n cxecjY e; 


Y = amount borrowed 

a — veariv imere*. 

* • 

= term of loan in years 

■ 


x-“mjenter|var| x|rcl|~jvarj 

1(23] C/CE 


TERM OF LOAN n = log (1 ^ ) 


P 


F-a Y 


Program: B/E |sto [enter j var j x |var|1*|I 
Execution: \a exec] Y execj? 


logjx—/«|enter[^j I 


+ 


fog—Ire) xlvar 


r 

J 


|[24] C/CE 


LOAN REDEMPTION RECOGNISED REDEMPTION FIGURE = PT-a 


T ('/'+1 )\ 
N{N+l)J 


a = interest rate 

T = number of remaining install¬ 
ments 

A 7 = Total number of payments 
P = Payment value 


Program: B/E jentcr 4 i|*l 4 jrclj x |sio enter varjcnterj* 1 *j 4- jrc-1 4- var| x [var — jvar x varj 


Execution: | N sto execjr exec\a exec P execjT 1 exec 


\m 
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ASH FLOW 


DISCOUNTED CASH FLOW 

Y ear n 

Year (n + !} = rr— 

\ 1 "VIA 

Program; B/E (cnterf^J 1 * -p|-!-jvar| x [var| {9] C/CE 
Execution: j<7exec|Year«exec 


YEAR n 


initial 

("H^r 


Program: B/E jenterj*Jl ;*j + Jlogjvaij x janulogj 4 -jvar j x jvarj l i 3) C/uE 
Execution: \o exec w excel/exec! 

i ! j 


CM OR T1S. AT ION FACTO R 


Af = ci + ■ 


1 (1 +«}"-! 

Program: B/E jstolenterj*]ij*f +)logjvarf x |antilog]‘|lj , j 
Execution: |a exec j» exec j 


Ajrcljx jrctj + jvar) [20] C/CE 




GENERAL APPLICATION FORMULAE 


DEGREES FAHRENHEIT TO DEGREES CENTIGRADE 


Program: D/LJ outer * j 3 j 2 
Execution: i TF exec 


9 


W - 

.1 


’IX 


9| »|-Hvar| 1151 C/CE 

• I 


DEGREES CENTIGRADE TO DEGREES FAHRENHEIT 


Program: B/E| enterj 6 j 9) * j X («| 5j -l j t| 3j 2| *| + varj [15] C/CE 


Execution: 


t exec! 


ANGLE CONVERSION 


MGKSES MINUTES AND SECONDS TO RADIANS 
Program: B/E| rcll X | var + | rel X varl E| rc! 

~ - • ; l *. 


9 


8[ 2 j0| 


9 


Execution: [ 60 sto enter j Degrees excc j minutes exec) seconds excc) 


*[ 2| 7| 91 x| var 

[24 [ C/CE 


TIME CONVERSION 


HOURS, MINUTES AND SECONDS TO DECIMAL HOURS 


Program: B/E) enter [ * j 6| 0{ «j X j var j +| * j 6| 0| * j X j varj + j * ] 3| 6| 0| 0| 


9 


var 


Execution; 


Hours exec minutes exec seconds excc 


[23] C/CE 


TALLY COUNTER 

Program: B/Ej * [ 1 j 9 j + | var [ [ 5 ] C/CE 
Execution: j exccj 


14 



MAN AGAINST MACHINE (SUBTRACTION GAME) 

The following program allows the user to have a contest with the 
calculator The operator selects a starting total and then subtracts l. 
2 or 3 from that total The calculator does the same and play con¬ 
tinues alter natch, 

The object is to leave your opponent with 7 9 in the display. If 7 ’ 
is left following your subtraction you win. If 7 1 is left after subtrac¬ 
tion by the machine ; you lose. 

r 

Program: B/E( enter x— mjrcl|~- var x 
Execution: I T sto enter | 

i 1 

n exec j operator piays 
exec J calculator plays 
n exec 
I excc i 


— m | enter j * j 4 J 


rci | + | sto j enter] var] 


T = starting total 
n = L 2 or 3 


[16] C/CE 


Start with T - 25 
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ELECTRONICS 


CURRENT. VOLTAGE. POWER AND RESISTANCE 


/ - VIR PIV -JP! 


V - IR -.T Pit =:, . fPT: 

P , VJ [ 2 R . V 2 !R 

ri -■= Vji -- Pil 1 V l jP 


R ESI STO R S IN PA RALLEL R 


!/R, 


1/R 


Program: B/E |enter|-f-|sto|enter|var|enter|-f-|rcl| + |-r-|var| [!)]C/CE 
Execution: j R, exec!exec 


R 


1 


1/R, + 1/R* + 1/R, 


Program: B/E jenter[~jstojenter|varjenter[~)rcl| + |sto|eiUerjvar[entcr|-r{rcl| 

f-jvarj 118] C/CE 


Execution: |R, exec! R z excel exec 


RESISTIVE ATTENUATORS 


Hi 


m 


Ro 


R2 


HO 


unbalanced 



balanced 




in — 1) , . . 

K ..- \ i fiere n =■ vottage a t / e nit at ton ja cl or 


a 


(» + l) 


Program: B/E 


sto 


enter) 41 ! |-V— |enter| € |I J^j — jrcJ|~|varj x |var[ {[7] C/CE 


Execution: \n execj R 0 execj 


R, 


2 R a n 


n 2 


I 


Program: B/E [sto|enter| x j 4 | 1 
Execution: \n execj R 0 cxec 


r jrclj x |var[ x ( < |2j , | x |var| [17] C/CE 


Single program tor R i and R 2 


Program: B/E |sto|enter| 4 | 11*| — j.v-w|enterj tf j 1 j*j + j-r|rci] x jvar] x |var| x 

l rci| -=- jrcl J -t- J var} [241 OCE 

Execution: n exec|R 0 exec [displays \2n exec [displays R z 

REACTANCE—FREQUENCY CHART 


Program: 

B'B 

jentcr|varj c j7[l 

;j°|*|x| < jl|l|3| f |-> ~|varj [l6} C/CE 

Execution: 


_ 1 

2k fC 

j/exec C x exec 


-- 

- 2nfL 

j/execjL x execj-rj 


/ 

1 

2xCz 

jC exec Jr x exec 


/ 

2nL 

[Eexec j -i- cxcc 


C 

1 

2 xfz 

[/exeejz x exec 


]. 

2nf 

{/exeejr 4- execj 


FREQUENCY TO WAVE LENGTH CONVERSION 



Program: B/E [cntor] ^i-|*j2|9[9}«jOj*) x | 4 | I j0j0|0]0| , j x jvarj [19] C/CE 

Execution: J/exec 
or ]2 exec; 
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ELECTRONICS 


PEAK AMPLITUDE OF HARMONICS OF WAVEFORMS OF UNITY 
PEAK AMPLITUDE 

* 

SQUARE WAVE = Z. {„ odn> 

f'TT 

Procram: B/E fenter[ j^|4[5[2f^! x | 4 |3]5j5[ , j jvar| [15] C/CE 
Execution: execj 

TRIANGULAR WAVE a n = _JL (>, odd) 

/?“7t 

Program: B/E jenter[ x j ! [8|4j , j x [*|2|2|7|’j-:-[var| [16] C/CE 
Execution: |nexec 

SAW TOO TH WA VE = — 

Program: B/E [enter!-:*-|‘j2|2|6|*[ x |*|3|5|5| , J :■-[varj [15] C/CE 
Execution: |>? execj 

RCL CIRCUITS 

DISCHARGE OF CAPACITOR v = Ve ' ,/CR (i) 

Program: B/E [enterJvar||varf-f-j—J‘jl| 1 f9j , j x [‘|2|7|4]*|-pjanli]ogjvarj x jvarj [22} C/CE 
Execution: j/ exec|C exec R exec K execj (i) 

CHARGING OF CAPACITOR v ^ V{\ ~ e~ ,ICK ) (ii) 

Execution: j? execjCexecjft execj I- V execj (ii} 
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TIME TAKEN TO DISCHARGE CAPACITOR 1 


CR in 


4 

Program: jeiUev[var[-^|log(*jU7|5| , j x j*j7j6] , j-E|vaj! x [var[ x 
Exec u lion : j v exec | V n exec [ C exec | R exec! 


var I [21] C/CE 


TIME TAKEN TO CHARGE CAPACITOR t 


CR ini l 


Program: B/E Jenler[var|-^j 4 [[i , j —|“]logj < [i[7|5| , | x f < j7|6} , |-^-|var|x j —[ varj [24] C/CE 
Execution: B/E |v cxccj execjC x execj 


Ci/KK/TAfr DEC A Y IN AN R-L CIRCUIT i 


le 


(i) 


Program: B/E |enter{var[ x )var|4-j —|^jlx j < j2|7j4j > [-r|antilog[var| x [varj [22] C/CE 
Execution: jtf execj r exec] Lcxecj/exccj (i) 


/= (ii) 

Execution: \R execj-exec|C cxec| I-/execj (ii) 

GENERAL FORMULA TOR INDUCTANCE OF COIL L -- 4tt j.tAn 2 x 10 nH 

Program: B/E (enter) x jvarj x jvar x i ]4|2j , j x j*j 1 j J j3jo|0j*j4- j var | [21] C/CE 
Execution : j/zcxecj/* exec A exec 
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ELECTRONICS 


DEC! BEL CON VERSION 



Program: B/E |enter|var|-r | i|0| ? | x |var| [10] 
Execution: |P 2 cxcc\P i exec| 


P 2 — Pi antilog — 

10 

Program: B/E [enterj^fIj0|^f : [antilogjvarl x [varj [10] C/CE 
Execution: jA ; exccj/L exee| 

TRANSISTOR TRANSCONDUCTANCE S\ =■- \)\ (t bv hi mV 

Program: B/E jemerj*|6[0j*j-E jantilogj*j! [ , j — jvarj x varj [14] C/CE 
Execution: \S P'exccj/ D exeef 

TRANSISTOR VBE IN mV VBE, *= VQE X l 60 iog 


Program: B/E JetUcrjvar] ; jlog| < j6|0j , jx|vat[ +jvarj [12] C/CE 
Execution: ]/ 2 exec]/, exec] VBE { execj 




INTEGRATED CIRCUIT CURRENT SOURCE 


R 


. 06 , ^ h 

— !og K -i 


Program: B/E jstojenterjvar enter varj x Jrclj-f--|logj*)6j*| x *| f jOjOj 31 }(rclj-r Jvarj [22] C/CE 
Execution: |/ 2 exec|/, exec|^exccj yj 



TRANSFER FUNCTION OF LONG TAILED PAIR 


<)l 

lo 


(iO” 1700 - 1) 


+ 0 


»•• • « • MM MM «MMM* 


no 


<hv 60 


I ii m K 


Program: B/E |enter[ 6 |6j0j , |-^ jantilog[$to|enter[ tf j I j*j -V |x-m[enter1*1! “ 


rcl -r vari [22] C/CE 


Execution: j^vexec- 




6v°‘ 






vi 


2lr> 


nr/ 


MOS TRANSISTORS 


NON SATURATED CON Dm ON Z DS = K (2{ l'' GS - V T ) - K 5 )K M 

Program: B/E jsto enier var enterjvarj — j*]2j*| x jrcl] — jrdj x jvarj x jvar[ [17] C/CE 
Execution : jV OJ execj V GS execj K r execjA' exec' 


SATURATED CONDITIONS Z DS - K(V GS - V r f 

Program: B/E jenterjvar -jxjvar x jvarj [7] C/CE 
Execution : j K c ^exec| \\ execjAf cxcc 


GROUND EFFECT Y r = V To + K 

Program: B/E jenter[ v J xJ*j2{ , {~:- jvarj jvarj [9] C/CE 

Execution: j execj execj 


I7A 




ELECTRONICS 


POWER AMPLIFIERS 


PO WER OUTPUT FROM PK-PK VOLTA GE S WING P = 


(Vpk—pk'r 
’ SR 


Program: B/E [enterj x ! < |^} , j-=-|var| ~[varj [9] C r CJ 
Execution: | Vpk — pk cxecj R exec 


EFF 1 CIENC Y OF CLASS B STAGE q 


vl Vq—V min 


4 


V 


Vq — quiescent output voltage 


n 


Program: B/E jenter varj Lj^h j* 
Execution: [Kminexec L^exec 


4 


J 


|3|S|5|*|x|‘|4(5|2|*!-r-ivarj {21] C./CF 


DISSIPA TION OF CLASS 
A ST A GE 


P = 


1 / 2 / 


.2 


4R 


I 


2 


x 


Vout pfc — pk 

— • N fc i Ifl 


/ 


V 


cc 


Program: B/E 


enter 


x j«[2|« 


I 


*[4j*|-: ]var 


v 


•' X 


var 


x 


x varj [22] C/CE 


Execution: jx exec)/? e: 


K cc exec 


DISSIPATION OF CLASS B STAGE P ^ 


' 2 x 


4 R 



x 


71 


2 


Program: B/E (stojenterj x [*]&[*]-7 jx-m 
Execution : j x exec j V cc r x I i? 4- 


enter 


1 7 l 1 !°H^! < l 1 |l| 3 t , | x M"l var l ^ C/CE 


0/5S//M77CW OF CL/4.95 C .ST/I GE P - 


Ky In (sin 0 - 0 cos 0 ) 


7t 


J / C? = quiescent voltage 

/ M — mean current 

f? — power transfer angle 


Program: B/E jsto 


cos 


rcl 


x l.v-m 


sin 


^IHWt : rill'lfh 


var 


var [23] C/CE 


Execution: jS execj x I M excc 
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H.F. AMPLIFIERS 


Bab POINT E - — - 

' " 2nCR 

Program: B/E [enterjvarj x j*|7j I jO| , f x ^ 111 J3| s j~J™jvarl [17] C/CL 
Execution: |C execj /? exec 

3 db POINT OF IDENTICAL CASCADED SECTIONS = —J-— 

2 *— f 

Program: B/E ]stojenlerj < j2{ , |logjrclj-r antiiogj*ji j*j~ \^fi -r-jvarj [16] C/CE 
Execution: j/z execj 

SHUNT PEAKING — VAL UE OF L FOR MINIM UM RISE TIME L - 0.414 R 2 C 

Program: B/E [enter) x jvar| x J < [4|l(4j , | x j*| 1 [0|0j0j*|-=-Jvarj [18] C/CE 
Execution: \.<R ^xecjCexec 

VALUE OF L FOR MINIMUM OVERSHOOT L ==- 0.25 fl 2 C 

Program: B/E jenterj x jvarj x j 4 |2|5]*j x j 4 j 1 [0jG| , |->-jvarj [163 C/CE 
Execution: j R execjC exec! 

RISE TIME t r - 2.2 CR 

Program: B/E jenter|var| x |*|2|2}*| x |«J ( ]0]*j :-|varj [14] C/CE 
Execution: |C exec|/? exec 


ISA 



ELECTRONICS 


NEGATIVE FEEDBACK 

SERIES VOLTAGE FEEDBACK - —Ci 

^ + P A :.L 

Program: B/E |stojenterjvar| x | < |1 | , |h- -pjrd| x |var| {12] C/CE 

t 

Execution: \A 0L exec \j] excc 

THERMAL NOISE 

t n ~ % 4k TBR = v i 176/c/LR Room temperature 

Program: B/E enter var x [var x 1 j 1 j7|6j f j x V 'x varj [14] C/CE 
Execution: \k exec|# exec j 7? exec| 

f„ — j 1176 kBjR at Room temperature 

Program: B/E [enter jvarj x Jvarj-p[*| l\ t]7j6j , J x J^/x jvarj [14] C/CE 
Execution: [/; exec) B exec \R exec 


OPTIMUM SOURCE IMPEDANCE FOR MINIMUM TRANSISTOR NOISE 


RopT — J{r b -f r t> )2fir r T (r* 1 r ( ,) ? 

Program: B/E [slojenterjvarj p [x-mjenter| tf j2j , j x jvarj x Ire11 x I 

x-m|enter[ x |rcl| + [^/x|varj [21] C/CE 

Execution: |r, exec|r fi exec]/? exec] 


SHOT NOISE IN A TEMPERATURE LIMITED DIODE In — J2e/B 

Program: B/E jenterjvarj x [var| x j*j2j*j x j v 'y|varj [11] C/CE 
Execution: |<? exec \l exec [/? exec j 


19 



POWER SUPPLY SMOOTHING—RIPPLE REDUCTION FACTORS 





1 _ 

V2 nfC 0 R L 



Program: 
Execution: 


B/E [enterjvarj x jvarj x |stojenter]*|4|5|4j*j x 

(/exec] C 0 exec]excc 




varj [231 

C/CE 



Program: 

Execution: 


B/E enter j x var| x jvar] x |* 1 
w execjL execjC^ exccj 


varj [12] 





Program: B/E jenter x var 


x var 


1 


Mlogjvar x jantilogjvar] [16} C/CE 


Execution: 



d) Sjj = 


CRITICAL FILTER INDUCTANCE 

k — rectifier voltage conversion 
factor (normally L11) 



R,U2k 




Program: 
Execution : 



varj [16] C/CE 


u* exec 
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ELECTRONICS 


TRANSMISSION LINES 


LINE EQUATIONS 


d 2 v 

dx 1 

- ZYY 

,r\ 

dx 2 

= ZYl 


Z 

Y 

V 
I 


CHARACTERISTIC IMPEDANCE Z 0 = l~ 

V Y 


Program; 
Execution: 


B/E (enter 


var 




x var 


[5J C/CE 


jZ exec yexec| 


O M CTERISTIC A D MITT A NCE K 0 


Z 


o 


V 


Program: 
Execution: 


B/E senior 


var 


vx[ t |var| [6] 




exec 


K ex ec 


COMPLEX PROPAGATION CONSTANT y = V-Z 


Program: 
Execution: 


B/E |enter)var[ x j^/xjvarj [5] C/CE 


\Z e; 


exec 


y execj 


— line impedance per unit length 

— parallel admittance per unit 
length 

■ line volts 
-- line current 


] 

ZJY 
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LOSSLESS LINE Z 0 = VC/C 

Program: B/E | enter Ivarj-pj^/xlvarl [5] C/CE 
Execution: | L execjC execj 


PHASE VELOCITY 



i 


V LC 


Program: B/E (enter jvarj x j^/xf 
Execution: | E execj C execj 


varj [6} C/CE 


/? EEL CCT/O A' COEFFICIEN T 



Program: B/E jenterfvarjslojjenlerj‘|2|*| x ]rcl|^-j*jl 
Execution: \Z L execjZ^ e,\ec 


|Lj (18] C/CE 




RADIATION AND PROPAGATION 


AERIALS 


PO WER OUTPUT OF ISOTROPIC RA D/A TO R F— 


E 


f- J 


• •• 
/ • 


1207 : 


Program: B/E [enter] x [«[4[2[6[0|0|*|■: [ 4 jl|l[3) , j x fvarj [17] C/CE 
Ex cc inio n: j £ rms cx cc 


RADIATION RESISTANCE OF HERTZIAN DIPOLE R 


— 8O3T 


/!£) 2 

Program: B/E ] enter] var j-pj x j 4 ] 1 ]8| 1 j6joj*| x |*j2|3j , j : {var] [18] C/CE. 
Execution: \le exec! X exec 


RADIATION RESISTANCE OF SHORT UNIPOLE ABOVE EARTH R - 1 60tt 


Program: B/E jenterjvar 
Execution: |he exec[2 exec 


3|6]3|2|0| , |x[*j2(3| , | : |var| [18] C/CE 


he 
X 


VARIATION OF FIELD FROM HALF WAVE DIPOLE WITH ANGLE 


E, 

E 


V 


COS (7l/2 cos 0 ) 
sin 0 


Program: B/E jstojsin 

• • 

Execution: [tfexec 


.v — m 


cos|*|3|5}5}*] x j g j2|2[6j , |--jcos|rcl[-r|varj [20] C/CE 


VARIATION OF FIELD FROM RHOMBIC AERIAL WITH ANGLE 


E 

E 


ff 


sinfl 

1 — COSO 


sin 


rd 

X 


(I — CO50) 


-v — m 


Program: B/E Js>to^cos| 4 } 

rcl| x |var] [23] C/CE 
Execution: \0 execjff execj/execjx exec 


sinjrcll 


x—m 


enter]var] x ivart x 


var • :-jsm 
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Vrms 

OUTPUT VOLTAGE OF LOOP AERIAL —— 

L-, 


2kANcq$0 

» » jj I — m 

* 

/. 


Program: B/E !co$jvar[ x |varj x [var|-f-[*|7| I.|0j*| x j*j|l| i j3j , [jvar| [20] C/CE 
Execution: \8 e.\ec|/f exec] N exec| A execj 


COMMUNICATION THEORY 

amplitude of frequency terms contained in pulse waveform 

r OF DUTY 

CYCLE — AND AMPLITUDE F 


2Et/T 


sin n7t r/7 


t/T 


n 7t 


Program: B/E jenterj < j3J5j5j , j x j*|$|!13|*] : [astojentcrjvarj x jsin[rcl| — jvarj x jvar 


Execution: execj r/T exec [2 x £exec 


{23] C/CE 


C//>1MV£L CAPACITY OF PULSE CODE MODULATION SYSTEM 


C 


£ jog 2 (1 + SIN) 


Program: B/E entcrj*jl \*\-i ■ jlog| f [3{3j2!2pj x j*jl [0[0|0| , |-r [varj x |var| [23] C/CE 
Execution: [ Sj N exec] B exec! 


EXPONENTIAL WEIGHTING OF QUANTIZATION STEPSy - k log t .(t + x) 
Program: B/E jenterj*! t|*| + x j^j7j6| , j-"-jvar 1 j x |var( [20] C/CE 

Execution: |.v execj/: execj 


RANGE DETERMINATION FOR PUESE RADAR SYSTEM 


Pe a Ar 

I6h 2 Pr 


Pe effective radiated power 

Pr •— power received back 


' *» 




Ar 


surface area of object 
surface area of aerial 


Program: B/E jeiuerjvar! x jvarf x [varj-! tf |3j6|3j2j , j~-| < j2j3j , j x j % *x| x xjvarf [22] C/CE 
Execution: I Pe exec|<7 execj Ar execj Pr execj 
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RADIATION AND PROPAGATION 


FREQUENCY TO ANGULAR VELOCITY 



Program: B/E |enterj‘|7|J|0 
Execution: j/’exec 1 


x 


‘jljlj3!»Hvar{ f 14] Cl CE 


ANGULAR VELOCITY TO FREQUENCY 


f 


w 


*\ _ 


Program: B/E jonior ^jTji[0|* 


Execution; he exec 


f ]i j] |3i* 


x jvur] [[4] C/CL: 


CHARACTERISTIC IMPEDANCES 


SINGLE LINE ABOVE EARTH PLANE Z f) - 138 tog 


2 h 


« ?l»! 


Program; B/E [enter 


Execution: ]/? exeejr exec 


varj-f-jlogj f jl |3[8| , | x jvarj [15] C/CE 


BALANCED 2 WIRE LINE SEPERATION $ Z* - 276 log 

Program: B/E jenter|var)4-|logj*]2]7|6| , | x Jvarj [11] C/CE 
Execution; b exeejr execi 




SKIN EFFECT 

AM770 OF AC TO DC RESISTANCE OF SOLID CYLINDRICAL WIRE 


x 


! 8 ft/'/ 

V R x 10° 


• • • • 


1.585 x 10 


-4 



\ R 


R — DC resistance of ) cm of wire 


Program: B/E [enterjvar] x Jvarj j>/xJstojeTUer| c j7j*[entcr| - |antiiogj 4 | J |5i8|5|*j x [re ‘ 


x varl [24] C/CE 


Execution: j u exeejf execj R exec 


v«(4 




MAGNITUDE AND PHASE ANGLE OF IMPEDANCE 



Program: 
Execution: 


B/E 


enter 


x |sto|enterjvar|etiter} x |rcl] +] > /x|var 


R execlA' exec 


(i) 


[! t] C/CE 


Program: 
Execution: 


r 

B/E (enterjvar 


-r-jarctanjvarj [5] C/CE 




SERIES RESONANT CIRCUIT 


RESONANT FREQUENCY 



I 



Program: 


B/E [enterjvarj x J v/x |*f 7j J |Oj*j x j‘] [ j l|3j’ 


varj [IS] C/CE 


IMPEDANCE \z 


x 


jR 2 + OrC - I Arc) 


— arctan 




To form 



Program: B/E ^[711 \0\ 9 \ x \*\! |) J3j*jp 
Execution: \f enter execjC exedLexecj 


stojcntcr 


var 


x 


,v enter 


varj x 


rcl j — | var[ [24] 

C/CE 


Q 


2njL 

R 


Program: B/E enter 


var 


x jvar| 


Execution: |/exec!/-exec R execj 


7|l|0|* 


1 I 3 


-- 1 


var [18] C/CE 
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ELECTROSTATICS AND ELECTROMAGNETICS 


ELECTROSTATICS 


FIELD STRENGTH DOE TO POINT CHARGE Li 


q 


4?cf?r z 


Program: B/E jenterj x j-r|var] x jvar 
Execution: |r execj? execjc cxcd 


1|4|2|0 


* ► 


*il|l|3|*| x jvarj [2!] C/CE 


SFFF POTENTIAL OF CHARGED SPHERE RADIUS V= 


<i 


47TCrf 


Program: B/E 


enter 


var \‘r 


Execution: I# exec) 


;<?exec exec 


var!~ 

wCcJ 


< |i|4j2j0| 5, j^-| i |i|i|3j , | x jvar) [\9] C/CL 


s cxec 


POTENTIAL OF CHARGED CYLINDER RADIUS V= 




27Ui 


in I 



Program: B/E 


enter 


varj-^jiog! 


var x 


z — distance to ground point 

- ir H ! < l 9 l 9 H x l t l 2 l 7 [°H ; i var l (2i] c/ce 


Execution: !*/ exeejr exec|<? exec[s exec 


CAPAC1TANCECXLS. UNITS 


PA RALLEL PLATE CAPACITOR C = .08842 A: A «F 


k = dialectic constant 


Program: B/E |enterivarj x jvar) 4- jstojenterj*|5|*jenterj — [‘antilogj 4 [^)8j4j2| , j x jrcijx jvar 


F.x ecu t io n: i k cxec I A exec I ci exec 1 


[23] C/CE 


LO/VC /M/L4LLEL STRIPS 


C = 


0J2I 


log t0 4<//u- 


— pFlcm 


se petal ion </ much greater 
than width tv 


Program: B/E (enter ■varj-^|*j4[*| x |(og|-f-j*( l [2j f j*j x j*| \ [0j0|0|*|-r 
Execution: jJexec «■ exec 


var) [23] C/CE 
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CONCENTRIC SPHERES 


C 


= 0.556 L hCJi Pfi 


g\ ■— outer diam. of inside sphere 
d 2 — inner diam. of outside sphere 

Program: B/E [stojenterjvarj — J*|l 
Execution; \d z execj^ exec|/r x 0.556 


if i tf i 


■I 


rc x var 


x var I [14] C/CE 




INDUCTANCE C.C.S. UNITS 


LOW FREQUENC Y INDUCTANCE OF CONCENTRIC CA BLE 

♦ 

L •— 0.383 logi 0 /’ 2 /r, 0.04J pHjms tie 

Program: B/E jenterjvar|-:- llog[*|3j8j3j*j x) < |4h| , j + | < |l!0]0j0j , |'-:-jvarj [23] C/CE 

Execution : j r 2 exec|r T exeej 


zA 


INDUCTANCE OF A VER Y LONG THIN COIL L - 0.01256 n— pH 


t 


Program: 13/E jenter x sto cnterj^15[^[eiiterJ — |antilogi c J3|2|5}6j , j x 


var 


x 


varj-r|rclj x 
[24]C/ 


var 



Execution : \n exec|x( exec! / excel 

II I 1 


H.F. INDUCTANCE OF STRAIGHT ROUND WIRE OF NON MAGNETIC MATERIAL 


L = . 002 / 2,3 log ^ — 1 lpH/metre 


Program: B/E |^|4|^J x |var|~-|log|«|4j6|»| x — |«j 1 lOfO^I-r-fvarj [24] C/CE 


Execution: /enter exeejd exec! 


7 2 


INDUCTANCE OF SINGLE LA YER SOLENOID L 


0,395 r n 
9 r + 10/ 


Program: B/E jcmerj < |9|*| x (stojenterjvar[enter)*}i [0^1 x jrclj J-j.Y-mjenter|var| x 

rcij-jvarj [24] C/CE 

Execution: !/*exec}/exec!/? x ,0698excel 
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ELECTROSTATICS AND ELECTROMAGNETICS 


MAGNETOSTATICS (Rationalized units) 

TURNING MOMENT ON COIL OF AREA A CARRYING CURRENT i 

T BfAsin*- 


Program: 
Execution: 


B/E 


sin var 


fx 


var x var x 


varj [8] C/CE 


exec exec j/ cxcc \A exec 


MAGNETIC POTENTIAL AT DISTANCE R ANGLE 9 FROM CURRENT LOOP 


M “ 


l A cos 8 
4rrr- 


Prograro: B/E [cosjvarj x |vari x 


sto 


[enter | vi 


var 


enter x 


~|rd|x| 4 |7| , jx|‘|8|8| , | 4 


var 


[23] 


Execution: [0 execj A exec) / exeejr execj 


cvcf: 


INCREMENTAL ELEMEN T OF FIELD DUE TO INCREMENTAL LENGTH OF 
CURR ENT CARR YING COND UCTOR 



181 sin 8 
4 nr 2 


Program: 

Execution: 


B/E sinjvar x var x sto 


jft execj/ execS 8\ exec|r exec 


enter 


var x 


jcnter| 


x 







FIELD AT CENTRE SQUARE COIL SIDE L 



Program: B/E [enter j var) 4 
Exccuti on: | / exec | L exec 


‘jl|8[4[ f j x |<|2|2j7j’|~:~jyx!varj [18] C/CE 
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FIELD AT POINT ON AXIS OF CIRCULAR COIL SUBTENTING ANGLE a TO RIM 



Program: B/E [sinjstojrcij x |rcfj x |varj x [var -^-[*)2( , j-i-[varJ {15} C/Ct. 
Execution: let exec]/ execexec) 


FIELD AN AXIS OF SINGLE LA YER SOLENOID SUBTENDING ANGLES « AND p 

TO EITHER END 

\T 

H = — (cos/? — cos a) 

Program: B/Ejcosjstojenter|var[cosjrcl| — [var x var x m*W var | [16] C/C E 
Execution ja exccj/? cxecl/exec|r cxccj 


ELECTRIC FLUX REFRACTION 

fj" 

Program: B/E |stojcosj^-«7[sin|rd|^jvar x jvar[->[arctan(var| [12] C/CE 
Execution: |0 2 exccje, exccjc 2 execj 


— arctanltan 0 2 
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ELECTROSTATICS AND ELECTROMAGNETICS 


ELECTRON DYNAMICS 

CORRECTED VELOCITY OF AN ELECTRON CORRESPONDING TO A 
POTENTIAL E 

~ « 1 + 1.94 x ICC "A 
me 


Program; 


B/E |sto)eLiter[^ISl’fenterj - jantBog|*|l|9|4| 5 j x [rclj x ]*|]|*j -j-lvarj [21] C/CE 


Execution: £ exec 


CORRECT VELOCITY OF AN ELECTRON CORRESPONDING TO A POTENTIAL E 



^ -(I + L94 x 10" & £)'- 


Program: 



Execution: SexecZfexec 



VELOCITY OF AN ION CORRESPONDING TO A POTENTIAL E 


v - 501 x JO 7 



, mass 

— -- 

electron mass 
^ _ charge 

electron charge 


Program: 

Execution: 


3/E j enter jvarj x ]var| 4- j v / x|$to|enter[ tf |5| , |enterjanti!og]*[5|9[7| 
rclj x jvarj [22] C/CE 

l£excc|n excc|w////? c . exccj 
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LECTRON IN UNIFORM MAGNETIC FIELD 


RADIUS Of' CIRCULAR PATH r 


3,37 V ; E 


Program: B/E [enterU\jvar| T j*[3[3[7j*[ x j^ljOjOfjH-jvarj [17] C/C: 


Execution: £execi?exec 


PERIOD T 


0,355 x l(T 6 
” 1? 


Program: B/E [stofenterj^j9j^jenCerj — jantilog]‘|3|5|5| 9 | x (rcl|~|var| [17] C/CE 
Execution: \R execj 


RADIUS OF HELICAL PATH 




3.37^/Esmfl 


Program: B/E j^/vjvar [siojenler varjenterjsinjrd] x |*j3]3|7j*| x *ji |0j0j , )-[ var] [23] C/CE 
Execution : (/: exec| B execjfl exec 


PITCH OF HELICAL PATH p = 


2L2 V / E cosO 
£ 


? sto|emerjvai 


Program: B/E j^/xjvarj . ( 
Execution: j£execj #exec \i) execj 


enter 


cosjrdj x j*j2| l 


'jljOfj-: [varj [22] C/CE 




ELECTRICAL MACHINES 


DC MACHINES 

number of Doles 

J 

parallel paths through armature 
armature current 

E. = <!) z.n l 

a 


Notation 


effective fl ux/pole 




number of conductors 

a 



speed,rev/s 

* 

*a 


Program: 
Execution: 


B/E jenterjvarj x jvar| x jvai 
\(j> exeejz execjtt execjp exec 


x var 


a exec 


var] 


[iOj C/CF 


GROSS TORQUE = 



Program: 
Execution 


B/E |enter(var| x [var] \*\\ |l |3j*| x 


[Eexec 


i u exec 


n execi 


\ 


[i8] C/CE 


A R m A TU R E R FA C TIO N 


—~ ampere turns /pole 

2 pa 


Program: 
Execution: 


B/E j enter) var 


x 




^jvarjO‘|varjA-jvar| [\2] C/CE 


rexec f v execjp exec 


a exec) 


INDUCTION MOTORS 


5 YNCHRONOUS SPEED = 



f x =- supply frequency 
p — number of pairs of poles 


SLIP = 



n 2 rotor speed 
— synch, speed 


Program: B/E jenter sto] E jvar 
Execution: |/? 1 cxcc|» 2 excc 


jrcl}-Ejvar 


[8] C/CE 








ROTOR FREQUENCY = (n { -n z )p 


Program: 

Execution: 


B/E |cEilcr|varj - |var| x jvar 
\n, exec \n-> exec )p exec 

i 1 s i • t 


[6] C/CF 


R OTOR CURR EN VPN A SE 


• • 



Program: B/t jctUcrj x (sto 


var 


enterjvarf x | x jrdj 4* | N /x 


var -r 


var 


var! [18] C/CE 


Execution: j£ 2 exec|X 2 exec15exccjSexeci E 2 exeej 


R? ~ rotor resists ncc,'phase 

A\ = rotor equivalent reactance per phase at standstill. 
: ind need emf. per phase at standstill. 


TRANSFORMERS 




Program: 
Execution: 


B/E jentcrlvar 


x I var 


var 


[6] C/CE 


£j execjw 2 exec]^ exec| (i) 


C exec 


/? i exec 


exeej (ii) 


POWER FACTOR 


i — primary 
o — secondarv 
E -=■ emf. 

/ — current 
/? turns 


Power 


Vi cos 4) single phase (i) 


m 

! 


V 


3 VJcq&q per phase, 3 phase (ii) 


Program: (i) B/E 


enter 


cos 


var 


x jvarj x jvarj [7] C/CF 


(ii) B/E |enter{cos{varj x jvarj x jstoj +-]*]3j , [enterj > /x|rei( x jvarj [16] C/CE 

Execution: (i) [0cxccjKcxccJ/excc 

(ii) j r/j exec I Eexcc j / exec 
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MECHANICS 


PARALLELOGRAM LAW FOR FORCES 




R = s/p 2 + Q 2 + 2P<? coscv 

Program: B/E j cos j * 21 * j x var | $to x j var j x x - m enter x | rcl j + j sto | enter var j 


Execution: la execj P exec \Q execjgexec 


j enter? X I rcl] + j^/x | var j [24] C/C E 


FOR a = 9P* 

R — -JP Z + Q 1 

Program: B/E Jenterj x JstoJ + [varjentcrj x |rc![ + j^/x|varj [11] C/CE 
Execution: | P exec] Q exec 


STATICS IN 3 DIMENSIONS 
R = J r x - h - R/ + R~ 

Program: B/E (entcrj x [sto| -h |var(enter[ x jrclj -{- JstoJ + Ivarjenterj x |rcl| -h varj [J 8] C/CE 
Execution: I /Lv execj Ry execj tfz excel 


DYNAMICS 


RA DJUS OF CUR VA TURK = 



Program: B/E jenterj x + |iog|*j3[*jx j2|^|H-jantilogjvar|-Hjvarj [19] C/CE 

ay d 2 y I 
Execution: ^ exec ^ execj 
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RRLATAVISTiC EFFECTS 


MASS CHANGE m = 



r?? ~ m ass 
m r = resimass 
v = velocity 
c — velocity ofligii: 


Program: B/E Icnterjvarj-f 


x 


1 J !’} + |>/*M + (varlenterjrelj ~ SvaH [17] C/CE 


Execution; 


u exec r cxec w 0 exec 


EQUIVALENT OF MASS—ENERGY 

£ -- mr 2 

Program: B/E (enter] x jvarj x |varj [5] C/CE 
Execution: Ic exeej/n execl 


FREQUENCY, ANGULAR VELOCITY, WAVELENGTH 

>u 

f = — 

' 2tt 

Program: B/E jeiiterj^j IjI j3p1 x j«{7[l[Oj^f-=-jvarj [14] C/CE 
Execution: hvexeef 


f — frequency Hz 
w = angular velocity raa/s 



Program: 


B/E enterjvar 


var [4] C/CE 


Execution; 


c exec 


X exec 


c - velocity light 
X = wavelength 


27A 



MECHANICS 


FORCES IN COORDINATE SYSTEMS 

RECTANGULAR CARTESIAN COORDINATES 


c. 

• ^ i*. 

mx 

(ii 

Fy 

• • • 

my 


F. 

* 

— 

mi 

m 


Program: B/E jenter 

Execution: (i) 


van x 


var f [4] C/CE 


• 4 


• • • • 

; it) 


fiii) 


m execjx exec 
\m execj v exec 


f m exec 


2 exec 


C YLIND RICA L COORD IN A TES 


(i) 

(ii) 
(Hi) 


Fr — ni{y - -rO 2 ) 

F e — m(r§ A- 2r&) 
Ft ~ m 'z 


(i) 


Program : B/E (eater \ x jvar( x (— \vax) -V Jvavj x jvarj [10] C/CE 
Execution: \6 exeejr exec jr exeejm exec 


(ii) 


Program: B/E entcrjvar| x stoj + Jvar 
Execution; jrcxecjf) exccj rcxec|$ exec 



enter 


varj x j*j2[*| x jrcl| + |var x |var[ [181 


m exec 


>1 


C/CE 


(Hi) 


Program: B/E ,eater|var x )var| [4] C/CE 
Execution: j»i execjexec 
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TANGENTIAL AND NORMAL COMPONENTS 

- ms* 

i m • ••.si • \i 

; “ R 

Program: B/E |eu(erj x jvarj x Jvarj a| — Jvarj [8] C/CE 
Execution r L execjm exec] ft exec 

F, = Ms 

Program: B/E [enterjvarjx jvtir] [4] C/CE 
Execu t io n: | m exec |.? e xcc j 



SCALAR PRODUCT 

{a. b) * { a x i A a 2 j A a^k). (/?,/ A t> 2 j A *3*) 

— A A 

Program: B/E |enter|varj x jstoj i jvarjenter varj x |rcl| a fstof f (varjenter jvarj x Jrclf 4- jvarj [20] 

r 

Execution: jo ( execj/’, execjrj,exec(/> 2 exec|<7 3 esecjA, exec! 


ENERGY IN A GRAVITATIONAL FIELD 
KINETIC ENERC Y — [ m v* 

Program: B/E jenterjx [varjx |*|2j , | v jvar[ [9J C/CL 
Execution : u cxcc IV execj 


RO TEN TIA L ENERC Y = rngti 

Program: B/E (enterjvarj x | < |9|8jl| , j x j*| 1 |0j0| , |jvarj [16] C/CE 

Execution: jmexecj/texecj 
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MECHANICS 


MOTION DUE TO VARIOUS FORCE FIELDS 

SIMPLE HARMONIC MOTION—SIMPLE PENDULUM 


Period T = 2 ti 


ll 


4 

V 


<7 




• m 


T / 

V * 


Program: B/E enter 


Execution: 


0) 

O') 


SPRING! MASS 


\ */ 


W) 


var|^-] v Sj‘|7jl|0|*|x j‘[i|i|3j , jM-ivar| [17] C/CE 

1/ exec|9.81 execj 
in exec]A; exec 


CONICAL PENDULUM 


T -■■■ 2tz 


n 


cos a 


v. 


z 


Program: B/E jenterjcosjvarj x var[-r[ N /A' , j < ]7|I|0|*j x | 4 jl|]|3| , |-v-|var| [20] 
Execution: [a execj/excc[9.81 execj C/CE 



\ 


■ 

\ 


COMPOUND PENDULUM 


r 


k 0 


v 


*o 


S 


Radius of gyration about 0 


r* -■= dist, from 0 to centre of gravity 


acceleration due to gravity 


Program: B/E (enterJvarj x jy.v[var 
Execution: |rcxcc|9.81 exccj/: fl exec] 


H‘i 7 i l !°i’M ‘ 1 i 


var[ [20] 
C/CE 



EQUIVALENT LENGTH OF SIMPLE PENDULUM OF SAME PERIOD AS ABOVE 


! 


A- ’ 


r 


Program: B/E [enter) x jvarj—jvarj [5] C/CE 

Execution: | k u excel/* * exec 



MOMENTS OF INERTIA THEOREMS 
PARALLEL AXES THEOREM 


Program: B/E jcnlerj x Jvarj x tvar 
Execution: |/?execjw exec|/ cc exeC| 


varl [7] C/CE 


PERPENDICULAR AXES THEOREM 

^O.v = A)r “E ^0: 


Program: B/E |cntcrjvar| + jvarj [4] C/CE 


Execution: j/ 0v cxecj/ 0 . exec[ 


CO' = centre gravity 
R ^ disl. from /i to CG 




MO M EN T OF /HERTfA - mk ~ 


Program: B/E jenterj x [var| x [var] [5] C/CE 
Execution: \k exeel/?? exec 


m ~ mass 

k = radius of gyration 


WORK EQUATION 
vr ™ 4-/g n 2 4- 4- u 2 


/g = moment of inertia about CG 
h* -- angular velocity 
M — mass 


v 


vclocitv 


Program: B/E [enter) x jvarj x j*|2j , l-r jstoj4- jvarjentcrj x jvarj x j*|2 
Execution : |u exccj/^exccj/;exec|M execj 


f-jrclj+ jvarj [22j 

C/C F. 
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MECHANICS 


PROJECTILE MOTION • 

A' Vq COS @ t 

Program: 8/E j enter {cos jvarj x jvarj x Jvarj [7] C/CE 
Execution: \9 exec[u 0 exeej, cxecj 




’ X 


dx 

-- = v 0 cos 9 


constant 


Program: B/E jentcr|cos{var| x jvarj [5] C/CE 
Execution: |0execju o exec 


v 


ig t 1 -f v Q sin Or 


Program: B/E jenter|sioj -f |var[e7iter|sm 
Executi on: jf exec [flexec j exec j g exec 


van x 


jrclj 


L\ 


veiocitv m ,v—direction 


x \x — m 




x 


i 


* l 2 


a • 


varj x jrclj -f 
var l [23] C/CE 


v v 


dy 

J = 


Program: B/E [enter[sinjvarj x jstoj -f jvarjcnterjvar) x j — jrclj 4- jvarj [14] C/CE 
Execution: exccju 0 cxec|f exec|g exec! 


x 


v 


W 


v 4) cos& 


x tan0 


Program: B/E |enterjsto|cosJ.x -'^jsinJrcl|-r jvarj x]a _ — jnj + 


Execution: |0 execj.v execjn 0 exec 


a: exec 


\ exec 


van x 


var 
W 


x var x 


F 


rd| +jvarj [23] C/CE 
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PLANETARY MOTION 


KEF'LERS Isf LAW —orbit h an ellipse with sun at one of the foci 


r = P 

* 

1 -Mcosfl 

- h 1 

i?(l T^COstf) 


bsf l -V 

■ w § >m m m 

I +<>COS0 




Program: (i) B/E jcnterjsto)H-Jvarjcosfrclj x j‘j l| f j + |.v—/w 
Execution: e exec J$ exec j 1 exec|/>exec[ 



Program: (ii) B/E |enter|cos|var| x | < [l] , j + |varj x ]sto| + |var|enter| x |rd 
Execution: |# exec c exec a execj6 execj 


varj [18] 

C ICE 


INVERSE SQUARE LAW —Newtons Law of Universal Gravitation 

o a 3 m 

Fn = Kadial force — — 47r~ — 7 — 

* L z r 

Gm t m 2 

1 

f 

Program: B/E jcntcrjvaij x |var| x |sio] + jvarjemer x jrcl|-r |~r-|varj [14] C/CE 
Execution : [Gexec m x exec m 2 excc r excel 
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MECHANICS 


LECTRON DYNAMICS 


VELOCITY OF Ah' ACCELERATED ELECTRON (or particle) 


v 


/2e. 

- I',-Vf 1 

i ml ^ i 


\ m V 


e 


charge 


m mass 

A anode 

C — cathode 


Program: B/E enter 


var 


-f |2|*]x|var 


x 


var 


-)-L/.r|var] (13} C/CE 


Execution : f execj K c cxcc e cxccfm excc x 


/) FJ-{. ECHO N IN A CATHODIC RA V IU 1ST 


ta n 0 — 



«iv 2 


c ■ - charge 

E = electric lie!d 

c — velocity in .y —direction 



Program: B/E 


enter 


var 


sto 


var 


enter 


| i 

var- x van x |rcl -Hvar [15] C/CI: 

I i c 


Execution : 1 r exec m execle execl£ exec]/ excc 


i 


eEI (I 

Deflection at screen 6 — — 7 --f L 


mn l 


Program: B/E jcntcrS x 


var 


var 


var 


x 


var 


x 


sto 


-Hvar 


enter 


2 


Execution: v exeejw exccj^ exec) E excel/exec|/execjZ. exec 


var| + Ir'clj x j 

i va r[ [24] C/CE 
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ESCAPE VELOCITY 



g — accm due to gravity 
R = planet radius 
r n orbit radius 


Program: B/E jenierj x Jvarj■ i-jvar] x x |^/x[var» [12] C/CE 
Execution: j /? cxec|r 0 execj# execl 


DOPPLER EFFECT 

(i) 


S stationar y 



Program: B/E jentcrjvarj --)*\) j*j 4- [varj x }var| [ 10} C/CE 
Execut ion: j o 0 excc j c cxccj/exec 


O -- observer 
5' source 
/ - frequency 
f = observed frequency 
c — velocity of wave 

a 

a 0 ----- observer velocity 


(ii) O stationary 

S ->o 

f Yj. — source velocity 

Program: B/E enter varj4-1 — 4 1 * t -Fjvar xjvar| [12] C/CE 

Execution : i c.. exee'e exec? /"exec! 

! v [ 



O -> 

f' = 

Program: B/E jemer sto|+ var| — \.x — m) + jvar! 4 jrclj 4- var x jvar| [14] C/CE 

Execution: T exec| ^ ex ec f v /t exec (/‘exec! 
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MECHANICS 


MIRRORS AND LENS —• - - = - 

u v ; 

/ «• 

1 = focal ienui!" 

- 1 

a = object dist. 

• • 

-- image disL 



Program: B/E jenterj-E-5sto[ jvar[enterj-=-jrcl] + 
Execution: jwexecUexccj 


SUM OF 2 LENSES JN SERIES ~~ = + 

Program: B/E fcntcrj[sto 4- jvar enter|~'jrci| + j 
Execution : j/ t exec[/ 2 exec 


* %«*• 


7-|varj [II] C/CF 


! 

U 
■ ^ 

-Ivarj [II] C/CF 
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VELOCITY OF SOUND 


vi) in a solid 

(ii) in a liquid 

■ iii) in a gas 
(iv) 



E = Youngs modulus 
p -- densi 
K — bulk modulus 
7 = ratio specific heats 

F pressure 
r — absolute temperature 
R =■- universal gas constant 


Program: 

(i) (ii) 

B/E [enter jvar|-E v /x|varj [5] C/CE 

Execution: 

(i) 

|£exec)/? exec| 



(i>) 

jA'exec)/? exec[ 


Program: 

(iii) 

B/E enterjvarl x [varj- 

—lx/ x varj [7] C/CE 

Execution: 


y e xec [ p exec j P exec! 


Program; 

(iv) 

B/E enter vaH x varj 

1 • 

x W xjvarj [7] C/CE 

Execution: 


\y cxccj R c\cc\T excel 
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STRUCTURES 


BEAM DEFLECTION EQUATIONS—ELASTIC ANALYSIS 


END SLOPE = 


M/ 

eT 


Program: B/E 


enter 


var| x [var- 


var 


Execution; \M excel/ exeej £ excel /exeej 


var| [8] C/CE 


Xj 




v\? 
/ 


83 



I * * ■■ 


^ M 


£,VZ) DEFLECTION 


Ml 2 

2Ef 


Program: B/E (enlerj x jvarj x jvar|~i-JvarJ-=-]*j2[*j-Fjvar| [13] C/CE 
Execution: [/exec A-/ exeej £ exeej/exec 


EAT) SLOPE 


W! 2 

2ET 


Program: R/R jenteC x jvar x|var]-r 
Execution: j/ exec] exeej exec!/exeej 


i<i2 


*1 


//* 
'•'Sf 

' - v /." 
/"X/J 

# 


varj [13] C/Cli 


W 



£A ; Z> DEFLECTION 


W1 


3 


3EI 


Program: B/E |enter|stoj + | x frclj x |var( x J varj 
Execution: j/exec \V exeej/: exeej/exec| [17] C/CE 


var 


£A7) ALC££ 


M 2 


• —— • • 


6 EI 


3j 5 j~ jvarj [171 C/CE 



Program: B/E jemerj x jvarj x Jvarj |var|~-j^pj—jvarj [13] C/CE 
Execution: {/ exeej W exeej £ exeej / exec 


END DEFLECTION = 


M 3 

8 GI 


Program: B/E [enterjstoj + j x frclj x jvar 
Execution: j / exeej W exeej £ exeej /exeej 


x 


var 


varJ-F j*|8|*|-P jvarj [17] C/CE 
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END SLOPE 


Wl* 

16HI 



Program: 
Execution: 


B/E lentcr] x Jvar| x |varj-^|var]-~ ^itjftpj-r-jvarj [14] C/CE 
|/cxec! W execj E exec j/ exec | 


CENTRAL DEFLECTION 


W! 3 

48E3 


Program: 
Execution: 


B/E enter stol 4- x Svclj x -var x 


I / exec \W exec I E exec! /exec 




[18] C/CE 


END SLOPE = 




Program: jenterj x jvarj x |vnr|-=-|var|-f-j i j2|4| , l-v-Jvar| [14] C/CE 
Execution : (/ exec j W exec \E exec (/ execj 

4 Wl 3 

CENTRAL DEFLECTION = 3 .... 

384 El 


Program: 
Execution: 


B/E (enterjsto|-f [ x jrctj x Jvar| x x jvar]-r |var| {23] C/CE 

(/ exec[ W execjEexed/ exec 




STRUCTURES 


FIXED END MOMENTS DUE TO LOAD W 




Program: B/£ jenter| x |var! x jvar} x istoj -f jvarjenterj x jrclj-:-[™|varj [15] C/CE 
Execution: (i) j b exec| - W execja cxecj/exec 

Execution: (ii) [ttexec IP execj/? exec [/exec! 



Program: B/E [enterjvar j x ]®|8|*j 4- jvar) [8] C/CF 
Execution: (i) | W execj — / execj 

Execution: (ii) | W''exec|/exec 


CENTRAL DEFLECTION - WFj\92 E! 

Program: B/E [enter stoj + j x jrcij x jvar x var|-Ejvar ~jvar| [19] C/CE 

Execution; ]/ execs W execj£execj /cxecj 



Program: B/E jenterjvar x * I [2* -j-jvar [9{ C/CE 
Execution: (i) W execj — / execj 

(ii) J W exec!/excc 


34 





CENTRAL DEFLECTION = 


wr 


384 El 


Program: B/E jentcrjstoj +} x jrclj x jvarj x jvarj^ Jvarj“-| tf [3|8|4|*j"r|var| [19] C/CE 

Execution : j/ exec| IF exec| E exec!/exec 


EFFECT OF END ROTATION OR DISPLACEMENT 


END SLOPE 

3EI 


Program: B/E enterjvar x jvarj ™-jvar 
Execution: j .1 / cxcc[ / excc | E cxcc j / cxcc 


--W 3 J* 




pinned 


'M 


'// 

* 


var [12] C/CE 


M FA — 


£A r JP SLOPE 0 - 


M/ 

4lT[ 



Program: B/E 


enter 


var 


var : JvarK 


Execution : |AF exec /cxec| E exec |/ exec j 


d |4 


$ 


var 


[12] C/CE 




M 


F/> 


4 

"T 


6 If 15 

"l 5 " 


6Eid 

l 2 


(i) 


(ii) 




\ 


fixed 


• M J \ 

vfcSL- 


a 


\ 


■ 


1 


Mf A 


M 




^ • • ••• 


Program: B/E jemer 

• I 


SCO 


+ jvar [enter] var j x jvarj x |*|6j’| x |rclj cjvarf [17] C/CE 


Execution: |/ cxec:L exec / exec 6 exec 
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STRUCTURES 


STRUTS 


✓ 


Cm n 



awned ends 

V \ 






> 



Program: 


Execution: 


8/E enter 


x jvar{-E jvarj 


\l exeej/f exeej/excc 



[19] C/CE 



Prog ram: 
Execution 


«i?i* 


B/ E jen ter 
j/ execj E exec! / exec j 


■: |x varj 





[23] C/CE 



Program: B/E [enter.; var 


x 


x 


var 


var 


Execution: S/exec 10.7 exec E exec \l exec 1 




35 



iELASTIC BENDING & TORSION FORMULAE 


:> 


V 


a 

y 

M 

f 


M 

T 


l 




.* * 


TOR BENDING ABOUT PRINCIPAL AXIS 


— Stl'CSS 

— dist. from axis 
— Bending mo ment 
— Mom. of inert i a 
£ = Youngs mod. 

R — radius of curvature 


; 


(70 

• • • • • 

L 


7 


/ — shear stress 


r 

G - 
0 = 

T - 
i = 


raou;> 

rigidity mod 
turn ins; angle 
length of shaft 
torque 

polar mom. of inertia 


J 


for clastic torsion of a round shaft 


ELASTIC STRAIN ENERGY 


IN 


(i) TENSION 


i 


2E 


(ii) TORSION 


2G 


Program: B/E [enter| x fvarjj*|2pj-=-jvarl [9] C/CE 


Execution: (i) 

(ii) 


a execj E exec 
t exec | G exec 


TORSION OF THIN WALLED TUBE 


t 


0 

L 


wall thickness 


twist/length 


TORQUE 


n 0 ~ 3 

-G - 2xr ! 
L 


Program: B/E jsiojenterj x jrcf| x [varj xjvarj x (varj x j f ]7]l|0}*| x |«} 111 }3j , f~)var| [24J C/CE 


Execution: jr exeejt execjG execj ^ exec 
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STRUCTURES 



Program: B/E | sto 90 s X var| X \x - m j sin | X | varj X rclj +| var| [13] C/CE 


Execution : H exec cr r exec a v exec 


CYLINDRICAL PRESSURE VESSEL 


LONGITUDINAL STRESS a x - 


pd 


4 1 


P 

d 


pressure inside vessel (gauge) 
diameter of vessel 
wall thickness 


Program: B/E [enter|var; x jvar[ ~|*|4|*| : jvar| [10] C/CE 
Execution: \p exec \d exec]r exec 


r 


ay 




ox 


ax 


oy 


HOOP STRESS a y - 


pd 

27 


Program: B/E jenter|varj x jvarj-r ^Jlpj-hjvarJ [10] C/CE 
Execution: exec |</exec|/exec 


STRAINS DUE TO STRESS a 


— stress 

— Youngs mod 
= Poissons ratio 


&XX 


XX 


F 

'yy 


E 




VfJ 
i u xx 


(0 


(ii» 


crxx 


B/E jenterjvarj x jvar[“j —jvar[ [7] C/CE 


jy exec & xx exec E’cxee 




axx 


Program: (ii) 
Execution: 
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DEGREE OF REDUNDANCY IN TRUSSES 
a i 2 - DIMENSIONS 


i b) 


Degree of redundancy -- D — b 4- r —2? 


h — no. ofnar> 

r = no. of restraints 

j = no. of joint* 


Program 

Execution; 


B/E jenterjvarj -f- |stoH- jvar|enter]‘|2j*j x | — |rcl] + jvarj [15] C/CE 
1 h execlr exec! / excc 


3—DIMENSIONS 


D 


b -h r— 5} 


Program: B/E (enter|varj + j$to| + jvar|enter|‘j3 
Execution: j/? cxecjr cxecjy execj 


x 


rcl| + jvarj [15] C/CE 


T0 


S^sin2ff 


Program; B/E jenterjvarj — ™ jsto|-f varjenter 4 2 f ) x Jsinjrclj x [var [19j C/CE 


Execution: j o x execjcr,, exec|tf excc 


a 0 — r sin 20 


Program: 
Execution: 


B/E jenter|‘j2|*jx 
\0 execji exec) 


sm 


var x 


var| [9] C/CE 


x 9 rcos2 0 

Program: B/E ]enter]*|2]*j x 
Execution: |0 exec|i exec! 


cos 


var 



var [10, C/CE 
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CENTRES OF GRAVITY & MOMENTS OF INERTIA 



Program: B/E enter] x |°|l2pj-H var| [7] C/CE 

Execution: (i) j^execj 

(ii) jr/excc 



Program: B/E |enterjsto|sin|rcl| : |varj x |*j2|*| x | 4 |3|*j vjvarj [16] C/CE 
Execution : ja exec ]a exec] 



Program: B/E ]enterjsto|sin]rcl|-Ej— f |sto) 

> 

Execution: |2a execjn exec] 


varjenterj x j*j4j*j-^|rclj x jvarj [22] 

C/CE 
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ELLIPSE 



Program: 



Execution: 


\(j cxecjb 




* 




Program: 
Execution: 





j a exec 




AREA — \ h (61 + b 2 ) 


-f■ var 


x 


Program: B/E enter var 


Execution: b L cxecjr> 2 exec]/? exec 







Program: P/E (entcrlvarj — j*{3j*j 
Execution: j/^ exec! h 2 exec j 




Program: 
Execution; 



B/E |enter|xj‘JiS|’]-;- 
(/i execj 

(by 2 + b { b 2 + b 2 2 ) 


varj [3] C/CE 


Program: 
Execution: 


B/E jenterjstoj + j x ].y-w{ 4 - jvarj x )rclj + ]$to[ -+• jvarjenter] x Jrcl| 4- \ € \ I [8)^|-r~Jvarj 


\b j exec]As exeej/s cxccj 


[23] 
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CENTRES OF GRAVITY & MOMENTS OF INERTIA 


RODS 

S 


NOTATION G ^ position of cent re of gravity 

k xx — radius of gyration about x —axis 
k yy — radius of gyration about y— axis 



Program: 






Execution: ]/cxcc 


[8] C/CE 




a sin a 
y. 


Program: 
Execution: 


B/E jenterjsto]sinjrd]-i-jvar 


x; va r 

r 



[8] C/CO 






Program: 

Execution: 
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SHELLS OF REVOLUTION 


y GLUME — 2tmI: 


Program: B/E [enterjvarj x ]varj x | c | 7 |l| 0 [ , | x j # | 111 ! 3 |^|-r-jvarj [ 18 ] C/C 
Execution: jcr execj/ exec|t exec^ 


A 


■\ ■> 
a ‘ ■ a* 


Program: B/E Jcntcrj x jvarj [3] C/CE 


Execution: Uexcc 



i' 


• ^ ^ NVVI 


L 2 


; -> 1 "> 
*C__ 

2 



1 

12 


/ 2 


Proeram: B/E jenterl x \*\2\ 9 

^ i I i ? 1 

Execution: \a execj /excc 


sto]-f |var|cntcrj x | c |l|2| ? |->-jrci|-h Jvarj [)9] C/CE 
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CENTRES OF GRAVITY & MOMENTS OF INERTIA 


SHELLS OP REVOLUTION 


SPHERE 




GLUME teuft 


Program: B/E (enterj x jvarj x |«|1|4|2|oj*| x l*jl jl|3!*j^|var] [1.8] C/CE 


Execution: tf exec f excc 


// 


V \ 


G , 


X 


A- 


/ ^ 

- R vy 


/' 2 - 
iu- 


2 , 


- -lI 
1 


Program: B/E (enter] x |*|2|*| x j^j3[ , [-^-|var[ [11] C/CE 
Execution: Ijexccj 


SPHERICAL CAP 


/l 


I 


\l 


VOLUME^ 2na z t{[ -cos*) p 

Program: B/E jarctan[ 4 |8|*j x jstoj 4 jvarjenterj x jvarj x jrcl) x jstoj 4 

(varjcosj — jvarj 4- jrclj x jvarj [24] C/CE 

Execution : j i exec [a exee|r exec? x exeef ( exec? 


* ^ 


XJC 


■ coss) (2 4- cos*) 

3 


Program: B/E enter 


sto + var 4 j.v—w 


il’I + i 


jrclj x jstoj + |varjenterj x jvarp-jrclj x jvarj [24] C/CE 


Execution : j* exec j 2 exeeja execjS exec 


39 




S X ^ I 

a“(l—cosa) (5 4 - cost.) 


Program; B/E Jenterjcosjstoj 4 -j varj + 




!!’ 


* I 


J • 

rcl x jstoj -f jvarfenter] x [var 


jrclj x 


varj [24] C/CE 


Execution.; \cc exec)5 exec \a e xecl 12 exec 

2 4 \ 1 


a 


— ii ( 1 -h COSCt} 
2 ‘ 


Program; B/E jenter cosj*l I 


+ jvar 


x [ tf l 2 ri^|var) [13] C/CE 


Execution: 


a exec 


a exec 


CONE 


VOLUME** Kilt (cr + h 2 )* 



Program: B/E jenterj x jstoj 4 -fvarjenter; x |rcl} + | N /x[.v-ffi[ +j N /x|var{x [rclj x jvar[x jvar 


Execution: Ir/exec]/? excel t exec 


3.1416 exed 


[20] C/CE 


k 2 

t'xx 


\ , 
-a~ 


Program: B/E jenterj x jvar j [7j C/CE 


Execution : 


a exec 


l' 1 

k V V 


1 7 1 / *• 

-a~ 4- — /r 
4 18 


Program: B/E jenterj x J 4 |4) , j~|stoj-5- jvarJeMer] x fjijSj^-i-Jrclj 4 jvarj [19] C/CE 
Execution: jr/exec [/? exec 
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CENTRES OF GRAVITY & MOMENTS OF INERTIA 


SOLIDS OF REVOLUTION 


CYLINDER 



VOLUME jux z I 


Program: B/E jcnterj x jvarj x j 6 j3j5j5| 9 | x l*jIjljB'^j — jvarj [17] C/CE 
Execution: \a exec |/ exec J 


r 7 

*ix ~ 


1 > 


- —a 

n 


Program: B/E jenterj x \ 6 \2\*\ -e jvarj [7] C/CE 
Execution: Iff excel 


• ■ 
K y y 


f 2,^/2 

— ff -f”- / 


12 


Program: B/E [enlerj x | 4 |4| f j -Ejstoj + jvarjcnterj x |*| lj2j , |-E[rcl| -l- jvarj [19] C/CE 

Execution: a cxccL'cxec! 

1 a 


SPHEROID 


VOLUME = -?r 6 


•r 


i 

v 


Program: B/E (enterjx [varjx j‘|l|4|2{0j # | x |‘l3!3|9! , j-: [var| [18] C/CE 

Execution: | b execjff execj 



1G 

♦ • 


40 




'V- 


.IX 


± b 2 


Program: B/E jcntcrjx x |^}5]*j-~-|varj [11] C/CE 
Execution: ]A execj 


l - 1 




r (« 2 + « 2 ) 


Program: B/E [entcrjx jstoj-f jvarjeruerj x jrd| + [ < |5| , j = jvar) [14] C/CE 


Execution: 


<2 CXCC 



CONE 


VOLUME - lirr/^/j 

Program: B/E |enter|x]var 
Execution: |a exec[/? exec 


x 


‘Wl’] 


* 

I 


j*| Jvarj {17] 


C/CF. 



•••• *••••• 


K .v.v 


3 

ib 


a 


i 


Program: B/E (enter 


3 


x 


*jl j0] f {-r Ivarj [12] C/CE 


Execution ; 


a execj 


• ■> 
K-. 


3 
80 


(4a 7 -h /r) 


Program: B/E jenterj x |*j4j*[x jstoj -§-lvarjenter| x |rc!| •[ j € |3j , j x l*|8|0j*| t- Jvar | [23] C/CE 
Execution: exeef// execj 
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CENTRES OF GRAVITY & MOMENTS OF INERTIA 


SOI ,IDS OF REVOLUTION 


HEMISPHERE 

VOLUME = Z kg 5 

\ 

Program: B/E Jsto enter] x jrcl] x |*j7[l|0j*| x 
Execution: aexecj 





Program: B/E jenterj x \*\2\*\ x |*|5(*j-E|varj [II] Cl CE 
Execution: [rtcxce] 


,, 83a 2 

= _ 

A V |. - - 

” 320 

Program: B/E jenter)x x | i j3j2|0; , jjvarj [14] C/CE 

Execudon: a excel 

i 


TOROID—CIRCULAR SECTION 
VOLUME rr- 7k 1 ah 1 

Program: B/E (enter] x |varj x J*[4j5j4|*| x | i ]2|3| , j->jvarj [16] C/CE 
Execution: ]6 exeejaexcel 


41 




k* v ~ O 2 H- ~ h 2 

4 

Program: B/E jenterj x jstoj-f |var|enter| x \*\3\*\ x [ 4 |4] , {--:--jrd| + Jvarj [!8] 
Execution : j a execlfr exec[ 




Program: B/E [enter| x j i |2S , i^-|stoj -fjvarjenter 
Execution: a exec [/? exec 


x 


5[ f J x |*]8j*J -r-jrdj ■* j varj [22] 





TOROID—SQUARE SECTION 


VOLUME In at! 


Program: !enterjvar[ x jvarj x j*(7[f[Oj , j x j*jl ji |3j*j :-|var| [18] C/CE 




Execution: |<? execjl execj/execj 




* .V.T 


cv 


1 , 

- r 

4 


Program: B/E jenterj x |stoJ + [var|enter) x |*J4[ , |4- jrcl|-|- jvarj [f4] C/CE 




—j 

[B 

. 



_J 

1 

1 

• 

' J 


Execution: 


a exec!/ exec 


t 


I 





Program: B/E [enter) x jvarj4- jsto)4-■jvarjeiUer] x jvarj-rjrclj -f ) 

jstoj 4- jvarjenterj x jvar|-:-)rclj + jvarj [23] C/CE 

Execution; j# execj2 exeejf execj# exec]/exec| \ 2 execj 
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T H ERM OD YN A MICS 


DRYNESS FRACTION 


x 


kg of satuiated -vapour jkg wet vapour 


I —x — Ag sal. liquidwet vapou 


i 


zz = mternai energy 
x — drvness fraciio 

v 


// 




it 


(1 —; x)u f 4- xu g 


u f 


• • 


int. energy of sat. vapour 
in.t energy of sai. vapour 


Program: B/E [enter jstoj -r [varj x (a — mj — [*[i [ f [ + |var[ x [rcl[ + (var( [16] C/CE 


Execution: J.v cxecji/ fl execjtycxec 


POLYTROPIC PROCESS 


Pi 




const 


WORK 


P2V2~P1 V 1 

l — ti 


<U 


R 


i 


n 


i 7 2 ' T t ) 


(ti) fora perfect gas 


P 


v 


pressure 

volume 


n — index 
T =••••: abs, temp. 
R gas const. 


Program: B/E Jenterjvar) x jstoj-f [varjenterjvarj x Irclj —jstoj \ j*| 1 \ 9 [enter 

j-pj-pjvarj [23] C/CE 

Execution: (t) j/?, exec|i», execj/j 2 ezeejis exec]u execj 


varf 


rcl! 


Program: B/E entei 


var 


van x 


Stoj + | 4 jl j*jenlerjvarj — |rdj-i-jH-|var| [17] C/CE 


Execution: (ii) j T 2 exec) 7", exeejR exeej/? execj 
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HEAT CONDUCTION 
FOUR!EPS LA W 




dT 

dx 



Program: (i) 

(ii) 

Execution (i) 

(ii) 



Q = heat flow 

A —• urea 

T -~:i temperature 

x — dist. into boo^ 

k ~ conductivity 


B/E [enter]varj x jvar 


x 


-Ivar [7] C/C E 


B/E |enter|var| —|var| x jvarj x jvarj-r j“jvar ll 1] C/CE 


ijr 


</-v 


exec IA 


|/c exec] 


r 2 execjT \ exeej/f cxccjA exec[A 12 exec 


HEAT TRANSFER COEFFICIENT 



Program: 
Execution; 


B/E enter 


vari 


var 


x 


var 


\T* .exectT/rexcels excel Q exec 


■var 


T w — wall temp. 
7; = fluid temp. 

[9] C/CE 

F = .4 / IF 


THERMODYNAMICS 


HEAT CONDUCT]ON—-SHAPE FACTORS. F 


PLANE WALL 


area ■— A 
{hick ness 


1 

i'5 


CYLINDER 


2 k L 




^ 0o/ r ,) 


inside rad r, 

outside r„ 

•• 

length L 


Program: B/R lemerivarl-^iJosz 


4- var 


Execution: jr 0 cxec 


execjA exec 


x|‘jl|0t7j9|2|»|x| < p(9j5j5| > |^|varj [23} C/CE 


SPHFJA 


F 


4ti r a r. 




w 

' t 


Program: B/E Jslojenterjvar 


! X — WZ 


f 


Execution: 


r () exec 


r 1 execl^j execj 


var| x j i jil4j2j0) , | x \*\\ 11 j3| , j~ Jrcl( :- jvarj 

[241 C/C E 
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HORIZONTAL DISC radiusr 

centre line depth D 

F - 2.22 - 

2.83 D 

Program B/E )enter)sto} — jvarj 4- jvarj -,-\ 6 fl | 4- j.v — wj + jvarj x jrclj-f* jvarj [18] C/CE 
Execution: jrexec|Z) execj2.83excc[2.22 exec 

BURIED SPHERE radius r 

centre line depth D 



2D 


Program: B/E jenterjstoj 4-jvar]arctan| < [4| , | x jrcl[ x [jt— /f#|-H| var[“r-|varj™[ — |var|-h 

j rdj1 varl [24] C/CF 
Execution: jr exec! \ execj D exec|2 execj l execj 

RADIATION 

STEPHAN BOLZMANN LAW Q = <?T* 

Q — heat transfer 

T — absolute temp. 

a =-■ Stephan-Bolzmanncontam 

Program: B/E [enter| x j x jvarj x jvarj [6] C/CE 
Execution: |rexec[r> exeej 

< i ♦ 
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FLUID MECHANICS 


HYDROSTATICS 


F 


figAycosi 


Program: B'E |enter|cosjvar)x|var[x |var] x j*|9]8jij*| x j‘|ljOjO|’jH-)varj [21] C/Ch 


Execution: 


ae; 


!p exec|/I execjy exec. 


CENTRE OF PRESSURE ON A BO VE BO D Y (x „, y p ) 

X 



FORCE ON SUBMERGED CURVED SURFACE 


A x = projected area i ny—z plane 

F x — A x pgz b 2 = position of centroid of this area 


Program: 
Execution: 


B/E jenterjvarj x jvarj x j < j9|8]lj , | x j*j I j0]0[*|^-]var[ [18) C/CE 
\A X execcxec|r r excc 


BASIC FLOW EQUATIONS 
CONTINUITY 


YpA V const. 


CONTINUITY 

EULERS EQUATION 



const, along a streamline 


BERNOULLI'S EQUATION p f }pV 2 + pg e - const. 
ENERG Y /? 0 - h T 4u ? 
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PRESSURE FLOW MEASUREMENT 


'4 A NO METER 


P) ~Pi -■= gtyp n -p) 


Program: 

Execution : 


B/E enter 


var| — |var| x j*|9j8j l \ 9 \ x [*11 j°|0|^{~jvar 


] p m exccj^ exccj/i cxcc 


[is] a ce 


pi 




FLOW RATES 

PITOT—STATIC TUBE 




u --- velocity of fluid 
P — total pressure 
p -- static pressure 
{) density 


Program: B/E jenterjvarj — jvarj — \*\2\ 9 \ x j^x [varj {U| C/CE 
Execution : [Fexecj/; exeejp execj 


VENTURI 


it 


i ~(Pl ~Pz) 


var! x 

5 


sto 


Program: B/E |enter]varj — | x j*j 1 |*j — 

k/Fjvar| (241 C/CE 

Execution : j a x exec|^ 2 exeejp exccj/7, execj p 2 execj 


1 

2 
P 


refers to tube 
refers to throat 
static pressure 


a area 



var 


enter 


var 


j* 2|* x rcl 4 


S//<4 RP EDGED OKIE ICE 


Q 


A ti C,j2gh 


A 


area 


Q — volume flow rate 

C tf = discharge cocfL 


Program: B/E jenterj^jl j9j6|2j*J x J*| 1 |0j0j^|4-[^/x^lvar 
Execution: j// excel T cxcc|C,/execj 


x var 


x 


var [20] C/CE 




FLUID MECHANICS 


PIPE FLOW 

T 


PRESSURE DROP Ap - 2 - 



L — lensfi- 
D — diameter 
Cf “ skin inertia coefficient 
p — density 

U m -■■■ mean velocity 


Program: B/E [enter] x [varj x |var) x jvarj x var ’ x var; [15] C/CE 
Execution: j U, v exec|/> execjC r execjL execj D execj 



Program: (i) B/E jenterjvarj — [ >< j 4 |l |9]6j2j*j“ *| 1 j0|0|*j x [varj [18] C/CE 
Execution: ji/, cxecji/, cxec 

Program: (ii) B/E [enter var [ j — j*j + | x Jsloj -)-] var [enter j x |rcl[ x [varj ]2|^} 1 

jvar| [23] C/CE 

Execution; A , exec|/4> exec|w t exec|gr exec 



Program: B/E [enter varj-^-j x — j 6 1 j*j-r sto -r var cnterj x j var x jrei] x j 4 |2[ , |-r| 


varj [23] C/CE 

Execution: \A { exec|/* 2 execjr/j execj pextc 
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REE SURFACE FLOWS 


USEFUL NON DIMENSIONAL GROUP: FROUDE NO. - 


li 


■ 

V 


1 

9* 


Program: B/E |enccr[ g j9)8ji [*| x j110|0[^|• J^/>T[var 

Execution: ]/> exec|a exec] 


f jvarj [18] C/CE 


u 

h 


4 * 


velooiv 


depth of flow 


WAVE VELOCITY FOR INFINITESIMAL DISTURBANCE 


C 


e 

Ugh 


Program: B/E |entcrf‘j9f8(l[*[x {*jlj'OjOj , J-:-(v/i'[varJ {13{ C/CE 


Execution: I/j exec; 


SPEED OF FLOW DOWN CHANNEL OF CONSTANT L/SAREA 


u 


2 JL 

c. 


\/ m sin# 


Program: B/E [enter[sinjvarj x: |^/x 
Execution : j# exeejm cxccjOcxec 


var 


area 


m — 


Cf 


wetted perimeter 
skin friction coefE 


fJ — angle of channel to horizontal 
l|9(6j2j , |x HH°|G|’M var ! [21] C/CE 


HYDRAULIC JUMP 




»V 


M/l, + h 2 ) 

% A 

2h, 2 

0) 

/?!<//, + tu) 

— i» _ 

2 hC 

(11) 


F — froude no. 


h 


depth of flow 




(2b 


1 

1 

• 

• 

* 

l 

A 

1 

9 

• 

1 

• 

• 

l 

• 

1 

J 

i 

1 

• 

t 

i 

’ r 7 7 J 7 1 ,—r- 

* 


/ 


Program: B/E (enterjvarj- 


sto 


•f 


x r 


cI | 4- i*|2|*[-=-|var! (13) C/CE 


Execution: (i) 

(ii) 


j h 2 exeejm j sxec 

j/f, exec[/? ? exec 
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FLUID MECHANICS 



Program: (i) B/E jenterj x jvur||‘|9|S|1 \*\ •:-|‘)S|0[0j , j x |var| [17] C/CE 
Execution: (i) \u 2 execj/? 2 execj 

Program: (ii) B/E |enter[var|~]stoj + j x |rcl| + \*\2\*\ -E|-=-jvar| [14] C/CE 
Execution: (ii) \h 2 execj/? j exec 


VENTURI CHANNEL 



B t = throat width 
H ■=. depth at throat 
O “ volume flow rate 


Program: B/E |enter|sto|-h j x |rclj x |var| x | 4 |8| , j x j*|2|7|*|-r [^xjvarj x jvarj [21] C/CE 
Execution: [//execj^ exec B ( execj 


TOTAL CONDITION'S 

K “ A + i ,/2 (i) 

/>„ = p + vi/ 2 (ii) 

T. r + *£r (iii) 


= stagnation enthalpy 
stagnation pressure 
7> stagnation temperature 
A —static enthalpy 
p -= static pressure 
T — static temperature 
« — fluid velocity 

C/3 -- specific heat at constant pressure 


Program: (i) 

(fi) 

(iii) 

Execution: (i) 

(ii) 

(iii) 


B/E jenterj x j 4 j2j*j jvarj \- jvarj [9] 

B/E jemerj x |*|2} , |4-jvarj-4 jvarj-E jvarj [II] C/CE 
execj/; exec[ 
u execj/* execj 
\u execj Cf, execjr execj 
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COMPRESSIBLE FLOW 


v v — gas velocity 


MACH NUMBER = M = 

a 


^ speed of sound in the gas 

VELOCITY OE SOUND 

! yp 

• 

(i) 1 



V J. 

>> 

fora perfect gas 


= \/yRT 

(ii) 



= 20.0 Wr 

(iii) 

IN AIR 


Program; (i) B/E jenterjvarj x jvar| + J^/xjvarJ {7] 

(ii) B/E jenterjvarj x jvarj x j^xjvarj [7] C/CE 

(iii) B/E |emer[ x /xj i j2[0j0j3j , j x j*j 1 jOjOj^j —jvarj [16] C/CE 

Execution ; (i) jy execj/; execjp execj 

(ii) jy cxccj R cxee|T execj 

(iii) Jrexecj 

>■ = ratio of specific heats 

p = pressure 
/) ~ density 

T = absolute temp. 

R = gas constant 
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FLUID MECHANICS 


COMPRESSIBLE FLOW 


PERFECT GAS RELATIONSHIPS 


r 


- 


M 2 


Program: B/E jenterj x sto|+ var enter 1 J* 

Execution : |M exec ]y exec] 


1 -t 


i AliJ 
- M* ) •’ 


Program; B/E jenterj x |*[2| , 1^- |sto| + |var[enter|*| I \ f 

fvarj [23] C/CE 
% * 

ExccisLos's: M exec|y exeej i exec1 7 — 1 exec 


y — (l -r ——- M 2 


-<y —t J 


Program: B/E |enter[ x | < [2| , j ;-|sto| 4- [var[enter[^[I \ 9 

antOogjvar [24] C/CE 

Execution: \M exec]? exeej 1 execj(y — 1) exeej 


VORTICES 


FLOW WITH CIRCULAR STREAMLINES 


iip 

civ 


nu 


Program: B/E [enter)x |var| x var -=-|var| [7] C/CE 
Execution : )w exec]/? exeej R exec 


|rd|xWl|’| + var| [23] C/CE 


jrclj x [var[ + |logjvar| x jantiJog! 
For? — L4 y—i = 0.2857 

y 


|rcl x var. 4 * jlog — |var xj 



variation of pressure with 
radius 


u ™ velocity 


R “ radius of curvature 
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FREE VORTEX 


i tr — const. 

S ha p e o f face su iface r — r rl 
Program: B/t jentcrivar 



Execution: 


r execjr exec 


u 0 exec 


Q exec 


[23] C/CE 


FORCED VORTEX 


UT 


If 


Shape of face surface z — z 


u' 


r/ 




t 




Program: B/E [enterj x |stol + 


var 


enter 


x i ret 


x jvarj [23] C/CE 


Execution: 


r, exec f r 


cxcc|# exec[vrexeci 


ivar 


t^j^lstol + lvarlenterl x jrd 


GENERAL 


REYNOLDS NUMBER = — 


Program: 
Execution 


B/F enter] var x var x Jvai 


var) [8} C/CE 


j/? exec 


v exec 


/excc|/f exec 


p — density 
v = velocity 
/ = length 
/t — viscosity 


SKIN FRICTION COEFFICIENT - C r ^ 



Program: 

W 



enter 




[12] C/CE 


Execution : j U fft exeejp cxcc|tu exec| 


nv =: wall shear stress 
U,„ — mean velocity 
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MATERIALS 


ATOMIC PHYSICS 



Program: B/E [enierjvarj x|var| [4] C/CE 


Execution: \h exec] v exec 


E = energy 

ft — planks constan : 

u = treciucnc- 

» ms 

\ 


D E BROG LIE — wave! particle da a li ty 




h 

m v 


Program: B/E \enter 


var 


vari-rivar! j 6] C/CE 

1 ^ 1 


Execution: ift exec \m exec I *; exec 


i 


A = wavelength 
h — planks constant 
— mass 
v — velocity 


ENERGY GIVEN OUT IN ELECTRON ORBITAL CHANGES 



Program: B/E jenterjx jH-jstoj pjvaHemerj x j-=—Jrclj — jsto 

-hfvar enter x rcl[ x jvarf x Ivarl [21] C/CE 

5 > I : L ► J 


Execution: t/i.exed/7> exec 


i — 


z exec 


13.5 exec! 


z — atomic No. 

/2 — quantum No. 


MEAN TREE RATH 



Program: 

Execution: 


B/ E 



n /27C<# 2 « 

Jenterj x Jvarj x J^j7J t rOj^J x 
exeej «cxec| 


* 


1 


13 

f 




var 


d = molecule diameter 
•••••■• No, moiecules/voL 

[19] CC/E 
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KINETIC THEORY OF GASES 


dv = AmNcV 
* 


/> 

/■ 

— pressure 

— voiumc 

- N? 

• 


— mass of molecule 

• 

r*v- 

if 

(0 

/V 

— No. molecules 

li 

Ti 


• 

= mean square velocity 


Program: (i) B/E I enter 


var 


van x 


varjxj < |3| , j f |var| [12] C/CE 


Execution: j c z exec| v exec] A exec I m cxecj 
Program: (ii) B/E jentcr|varl x ]*|3j*] A-jvarl [8] C/CE 




Execution: \c z exec|p exec] 


TRANSPORT PROPERTIES 
THERM A L CON DUCT IV IT Y 


k — \pcX Cv 


Program: B/E (enterjvarj x 
Execution: jp exec 


c 

Cv 


— mean free path 
= Root mean square veL 
™ specific heat capacity at 
constant volume. 


var 


x var 


xfjSj’^lvarl [12] C/CE 


c exec a exec 


Cv exec 


VfSCOSfTY 


p l p ck 


Program: B/E jenterjvar 
Execution: !p exec 


var 


x 


\4\n 

•J 


c execf/i execj 


-jvarj [10] C/CL 


DlFRJSlViTY 

D =* 


Program: B/E jcntcr 

var 


var 

18] C/CE 

Execution: jc excCj 

a exec 
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MATERIALS 


FORCE BETWEEN ATOMS IN IONIC BOND 



c = permitivity 
q charge 
r = distance 


Program: B/E |cntcr|var 
Execution: | q cxeojr exec] a exec 


var 


*|}j 4 ! 2 |0]>|-f-j‘||jl|3 


s 


varl [20] C/CE 


ELASTIC PROPERTIES 
L = 2G(l + u) 


Program: B/E jenier*[l|*j~Ejvar 


x 




x (var| [12] C/CE 


Execution: i r exec 


G exec | 


E — Youngs mod 
G = rigidity mod 

v — Poissons ratio 


£ = 3*(1 -2v) 


k — bulk mod 


Program: B/E [enter x 


1 


-I 


var x 


31*1 


x 


var 


[17] C/CE 


Execution: uexecikexec 


E 


9 Gk 
G + 3* 


Program: B/E [stojenterj*j3j*[ x 
Execution: \k execjG execjG execj 


var 


STRESSES AND STRAINS 


TRUE STRESS a t = cr fl (l -r e„) 




+ j*[9|*| x Jvar[ x |rcl[-p[varj [19] C/CE 


F 


O' 


*2 


- 




Program: B/E jenterfjl]*j + {var| x |var| [B] C/CE 


Execution: exec 


cr,, exec 


cr„ — nominal stress 


F 


A 


o 


r. 


U 


force applied 


initial area 


nominal strain 


l-l 


o 


/ 
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TR UE STRA fN = log (1 -h f?, r ) 


Program: B/E l_enlerj < |l!^| + jlog| f |l|7|5| f J x J # j7|6| y j-=-|var| [18] C/CE 

Execution: je,, exec} 


HL^STiC STRAIN ENERGY ^ 



Program: 
Execution; 


B/E |enter| x jvar [ 4 j2j* 


ct execjE exec 


vari [9] C/CE 


sj = stress (nominal) 

• p 


BRAGGS LAW OF X-RAY DIFFRACTION 



« = integer 
a = wavelength 



crystal 

planes 


Program: B/E jenterjsin 4 2 
Execution: 61 execjAex.ee 


x 


sto| -b|var|enterjvarj x jrcij- h] varj [15] C/CE 


/r exec 


DISLOCATIONS 
STRAIN ENERG YjLENGTH 

FOR SCREW ^ Gb 2 (i) 

EDGE = Gb 2 

(ii) 

Program: (i) B/E Jenter|x [varf x jvarj [5] C/CE 

Execution: \b cxecjG cxccj 


b — Burgers vector 
G rigidity modulus 
v = Poissons ratio 


Program: (ii) 
Execution: It; 


B/E (enter)-j i |!j , j-b|stoj+- var(enter) x jvarj x {rdj-F jvarj [16j C/CE 
exec [6 exec| G execj 
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Cone 9 
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Loan. Repayment 13 

Cash Flow 13 
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